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Linnaean Bicentennial—200 Years 
of Progress in Systematics 





THIS program, for which George W. Wharton of the University of Maryland was Pro- 
gram Chairman, consisted of three symposia presented at the annual meeting of the 
Society of Systematic Zoology in Washington on December 28-29, 1958. The symposia 
were: Linnaeus and nomenclatorial codes, Reed C. Rollins, chairman; Basic concepts 
of systematic order, Alfred E. Emerson, chairman; and Systematics, present and 


future, Remington Kellogg, chairman. 
[Introduction 


N celebration of the 200th anniversary 
| of the publication of the tenth edition 
of Systema Naturae by Linnaeus in 1758, 
the 10th Annual Meeting of the Society of 
Systematic Zoology was devoted in large 
part to symposia reflecting the progress 
made in systematics in the past 200 years. 
The present system of naming animals 
begins with the 10th edition of the Sys- 
tema Naturae. Two hundred years ago 
only about 10,000 species, of organisms 
were recognized by science, some 6,000 
species of plants and 4,236 species of 
animals. The knowledge available about 
this limited number was fragmentary. 
Today about 1,600,000 kinds of plants and 
animals are recognized and much is 
known about many of them. This in- 
crease in the amount of knowledge during 
the past two centuries is monumental, 
but the real progress in systematics has 
been in the development of an under- 
standing of the nature of the different 
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kinds of organisms and their relationships 
one with the other. 

The series of papers prepared for the 
Linnaean Bicentennial reflect the progress 
that has been achieved as well as the pres- 
ent status and future of systematics. Asa 
review of systematics these papers will be 
of special interest to non-systematists who 
wish to gain an understanding of the field. 
The professional systematists will find in 
this group of papers discussions of topics 
from both the botanical and zoological 
viewpoint. As a zoologist, I found that the 
botanists have solved many problems that 
still confront zoological systematists. For 
example, the botanists seem to have estab- 
lished an effective self-supporting inter- 
national organization for handling system- 
atic problems. 

As program chairman for this meeting, 
I wish to express my appreciation for the 
splendid cooperation received from the 
participants in the symposia and panel 
discussions that made up the program. 











Symposium on Linnaeus and 
Nomenclatortial Codes 


Linnaeus: Codes and Nomenclature 


in Biology 


Introduction 


LTHOUGH our present-day attitudes 
toward biological nomenclature differ 
in many respects from those of two hun- 
dred years ago, many important ideas and 
conceptions were formulated during the 
period of Linnaeus and their origins from 
his day should not be forgotten. Unless we 
consciously recall these early beginnings 
from time to time, there is some danger 
that we may usurp for our own time ac- 
complishments that are not rightly ours. 
With a strong sense of appreciation and a 
penetrating understanding of the man 
and his work, Mr. W. T. Stearn brings to 
us in a spritely way some of Linnaeus’ 
contributions to Systematic Biology. His 
paper provides a most appropriate open- 
ing to our symposium celebrating Lin- 
naeus and the two hundredth anniversary 
of the publication of the tenth edition of 
his Systema Naturae, the starting point of 
modern zoological nomenclature. 

The formal nomenclature for all organ- 
isms is governed by three codes, each one 
having an international character and 
each being generally accepted in a certain 
area of the biological sciences. These 
codes (the international code of botanical 
nomenclature, the international rules of 
zoological nomenclature, and the inter- 
national code of nomenclature of the bac- 
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teria and viruses), their history and de. 
velopment, and some pertinent items 
concerning nomenclature in general are 
dealt with by the three subsequent speak- 
ers of this symposium. 

One of the most important features com- 
mon to all three codes is often stated as 
the principle of priority. In general, the 
name first used for a given organism is the 
accepted name, priority in time being rec- 
ognized as a working basis for making a 
selection among competing names. How- 
ever, the principle of priority has been 
seriously limited by the codes in several 
different ways, the most important being 
(1) the use of starting dates, (2) the speci- 
fication of a particular name-form, i.e., the 
binomial or binary system, and (3) the 
use of name conservation. These limita- 
tions upon priority were features brought 
into early editions of the codes. Thus we 
see that from the beginning of interna- 
tional efforts toward the codification of no- 
menclatural procedures, the principle of 
priority has not been strictly applied. 

Modifications of the principle of priority 
have come about not because of any chi- 
canery on the part of biologists but be 
cause of practical considerations, the most 
important being the circumvention of the 
difficulties and uncertainties of finding and 
interpreting the old literature. The de 
velopment of practices of conservation has 
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been in response to a strong desire for 
stability in nomenclature. Here, we sus- 
pend the usual provisions of the code in 
favor of a direct legislative approach. The 
machinery for accomplishing the conser- 
yation of names is fairly cumbersome and 
is fraught with considerable danger and 
abuse. Based on past experience, the 
question is legitimately raised as to 
whether proposers of names for conserva- 
tion have always given adequate thought 
and study to the propositions they have 
placed before our international commit- 
tees. 

The items briefly mentioned (i.e. prior- 
ity, starting dates, binary system, conser- 
vation) are common to the three codes of 
nomenclature. Now let me mention what 
appears to me to be a fundamental dif- 
ference between the botanical code on the 
one hand and the zoological and bacteri- 
ological codes on the other. It concerns 
the implementation of the codes. The 
botanical code is designed as a self-explan- 
atory document and there is no provision 
for a judicial interpretive body. Thus, the 
interpretation of it rests squarely upon 
the user, whose acceptance of the code is 
vital to its universality. Here one finds a 
direct relationship between the code and 
the botanist, who not only is responsible to 
himself for its interpretation but for any 
modifications or alterations that will make 
ita more acceptable document. 

The code is not considered to be a body 
of law and it is not treated as such. There 
are no enforcement provisions and no ma- 
chinery for judicial interpretations. The 
need for these is not apparent because 
the code could not be enforced in any case 
by some kind of executive or judicial fiat. 

In contrast, the zoological code provides 
plenary powers to a commission to set 


aside the provisions of the code when in 
its judgment circumstances warrant such 
action. In practice this has resulted in a 
judicial system for interpreting and im- 
plementing the code. Case law, precedent, 
and judicial opinion have come to play an 
important role in the functioning of the 
code and this has served to drive a wedge 
between the practicing zoologist and the 
code itself. There has been interposed a 
large body of material outside of the code 
which must be interpreted and passed 
upon by someone other than the user of 
the code himself. Thus such a direct rela- 
tionship between the user and the code as 
exists between the botanist and his code 
does not exist. In the bacteriological code, 
the judicial commission feature of the 
zoological code has been adopted. 

As far as nomenclature is concerned, 
biological scientists working in system- 
atics have the same goals. We seek uni- 
versal acceptance of the names of organ- 
isms. We seek stability and continuity of 
these names. Zoologists, botanists, and 
bacteriologists have found it essential to 
codify the bases and procedures for deter- 
mining the application of particular names 
to particular organisms and they have 
sought in different ways to provide sta- 
bility and continuity. That the result has 
not been perfect should not surprise any- 
one. To me, the imperfections of the codes 
and the lack of complete success in the 
struggle for maximum stability consistent 
with scientific progress is a commentary 
on the complexity of the problems in- 
volved, not an indictment of the codes or 
the workers who use them. 


REED C. ROLLINS is Gray professor of sys- 
tematic botany and director of the Gray Her- 
barium at Harvard. 
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The Background of Linnaeus’s 
Contributions to the Nomenclature 
and Methods of Systematic Biology 


HE background of the contributions 

by Carl Linnaeus (1707-78) to the 
nomenclature and methods of systematic 
biology is, of course, an 18th century one, 
seemingly remote from the modern prob- 
lems with which a symposium honoring 
him and at the same time marking the 
tenth anniversary of the Society of Sys- 
tematic Zoology is primarily concerned. 
Many of these problems, however, either 
had their origin then or were problems 
which Linnaeus and his contemporaries 
had to tackle. Nomenclaturists in partic- 
ular are forced to go back to the works of 
that period and some knowledge of 18th 
century methods and viewpoints is essen- 
tial for determining the correct applica- 
tion of the generic and specific names 
transmitted through such works to mod- 
ern biology. The agreement of names 
tends indeed to obscure the very different 
circumstances of their origin. As regards 
Linnaeus and his work, they must cer- 
tainly be studied, to quote Bremekamp 
(1953b), “against a background filled by 
men who were used to debate on theolog- 
ical questions and who even when the 
debate concerned questions of a different 
nature clothed their arguments in a theo- 
logical form and we should be careful not 
to place him in the circle of the physicists 
and physically orientated philosophers of 
that time: that was a world with which he 
had no contact.” In keeping with his per- 
sonal ecclesiastical background and that of 
his period Linnaeus chose carefully his 
numerous Biblical quotations. As text for 
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this occasion organized by the Society of 
Systematic Zoology he would doubtlessly 
have approved St. Paul’s injunction to 
Timothy: “Let no man despise thy youth 
but be thou an example” (Timothy 1.4.12). 
It is with some youthful aspects of Lin- 
naeus’s work, more particularly with the 
origin and first use of binomial nomen- 
clature and its dependence on Linnaean 
taxonomy as expressed in polynomial no- 
menclature, that the following paper 
mostly deals. The relations between these 
are simple but often ignored, a fact which 
will, I hope, excuse some prolixity of treat- 
ment and repetition for emphasis here. 
By a coincidence quite unplanned the 
Society’s tenth anniversary has come in 
the same year as the 200th anniversary of 
the publication in 1758 of the first volume 
of the tenth edition of Linnaeus’s Systema 
Naturae, which is the internationally ac- 
cepted starting-point of modern scientific 
zoological nomenclature. In that volume, 
published when Linnaeus was fifty-one, he 
first gave binomial names to all the spe- 
cies of animals known to him, nearly 
4,400, including man. Since for nomencla- 
torial purposes the specimen most care- 
fully studied and recorded by the author 
is to be accepted as the type, clearly Lin- 
naeus himself, who was much addicted to 
autobiography, must stand as the type of 
his Homo sapiens! This conclusion he 


would have regarded as satisfactory and 
just. As he himself said, “Homo nosce Te 
ipsum.” 
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Linnaeus’s Use of Binomial Nomenclature 
before 1753 


The year 1758 is, however, simply an 
official zoological starting-point. Already 
in 1752 Linnaeus had given such names as 
Phalaena annularia, Ph. antiquata, Ph. 
ocellata, Ph. caeruleocephala and Ph. ni- 
gromaculata to insects considered in the 
dissertation Hospita Insectorum Flora 
subjicit J. G. Forsskahl; moreover his 
works Museum Tessinianum (1753) and 
Museum S:ae R:ae Adolphii Friderici 
(1754) likewise apply a binomial Latin 
nomenclature to animals. Even earlier, 
however, he had used binomials for plants, 
such as Nymphaea lutea, N. alba, Papaver 
Rhoeas, Chelidonium majus, etc., in the 
index of a travel-book Oldéndska och Goth- 
lindska Resa (1745) and in several dis- 
sertations, e.g., Gemmae Arborum (1749), 
Pan Suecicus (1749), Splachnum (1750), 
and Plantae esculentae Patriae (1752). He 
first applied such names to the plant king- 
dom as a whole in his Species Plantarum 
(1753) which deals with some 5900 spe- 
cies and is the accepted starting-point of 
modern botanical nomenclature. Earlier 
still he had used a binomial system of ci- 
tation for books in his Flora Lapponica 
(1737) and Hortus Cliffortianus (1738) 
and had advocated it as a suitable method 
in his Critica Botanica, no. 322 (1737): 
“In every citation the author’s name 
should be given in an abbreviated form, 
corresponding to the generic name of a 
plant, and his works, corresponding to the 
scientific name, since a particular author 
often owes his fame to more than one 
work—in the form Dillen. elth., Dill. gis- 
sens., Dill. gener—the name of a book 
should be abbreviated into a single word.” 
Here Dillen. and. Dill. refer to J. J. Dille- 
nius, elth. to his Hortus Elthamensis 
(1732), gissens to his Catalogus Plan- 
tarum sponte circa Gissam nascentium 
(1719), and gener. to the appendix Nova 
Plantarum Genera (1719). Thus it is as 
foolish to be bewitched by the dates 1753 
and 1758 in systematic biology as by 1066 
and 1776 in history. 


Characteristics of Binomial Nomenclature 


In botany and zoology the term bino- 
mial nomenclature refers to that system of 
naming associated with Linnaeus whereby 
a species of plant or animal is desig- 
nated by a two-word name (binomen, bi- 
nomial), e.g., Homo sapiens, consisting of 
a generic name, e.g., Homo, followed by a 
one-word specific epithet (trivial, trivial 
name), e.g., sapiens. The same generic 
name covers all species, living and extinct, 
put in the same genus. The two-word 
specific name applies to only one species 
but covers all the individuals classified in 
that species. A specific epithet has pre- 
cision only when associated with a generic 
name; standing by itself it may be without 
meaning. Generic names and _ specific 
names have to be linked to descriptions of 
genera and species. In other words, the 
binomial system of biologists derives from 
a very old and widely used system of nam- 
ing in general and is based on the as- 
sumption that the organisms to be named 
can be classified into genera and into 
species, i.e., into entities of different rank 
(or taxa as they are now called). Even the 
terms genus and species are by no means 
the exclusive property of biologists. They 
belong also to logic, for example, and the 
system of treating the individuals of the 
living world as representatives of the cate- 
gories genus and species and named ac- 
cordingly has been taken into biology 
from logic, in which they are purely rela- 
tive terms. The botanical family Liliaceae 
can be logically described as a genus and 
the botanical genera Lilium, Hyacinthus, 
Scilla, etc., as species of it. In the hands 
of Linnaeus’s 17th century predecessors, 
notably John Ray (1628-1705) and 
Tournefort (1656-1708), these two terms 
acquired the specialized biological appli- 
cations which Linnaeus adopted. 

Linnaeus had reasonably clear-cut ideas 
on matters of hierarchic arrangement and 
their expression in nomenclature, al- 
though he sometimes found difficulty in 
applying them, just as have later system- 
atists; for some parts of the animate world 
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genus and species are not concepts which 
give a good picture of what is going on; 
they express discontinuity, which does 
not always exist. As has been indicated 
already, these concepts did not originate 
with Linnaeus. His achievement was to 
take systems of procedure which his pred- 
ecessors had used incidentally or piece- 
meal or on a very small scale, to analyse 
and evaluate them from the standpoint of 
their practical usefulness, and then to 
apply them consistently, methodically, 
and on a large scale to the whole living 
world as then known. 

The nature of this achievement has 
been misunderstood, eg. by Raven 
(1942), and its importance has been un- 
derrated through reaction against undue 
emphasis on Linnaeus’s originality. Lin- 
naeus did not invent binomial nomencla- 
ture: he did not abandon polynomial no- 
menclature, i.e., the use of several word 
names such as Amyris foliis pinnatis, foli- 
olis sessilibus, for diagnostic purposes; he 
introduced a dual system of nomenclature 
which led to the replacement of diagnostic 
polynomials by merely designatory bino- 
mials. Thus many binomial names which 
Linnaeus adopted are to be found in the 
works of his predecessors, notably Konrad 
Gesner (1516-1565), Clusius (1525-1609), 
Caspar Bauhin (1560-1624), Willughby 
(1635-1673), and Ray (1628-1705), e.g., 
Crocus sativus C. Bauh., Triticum aesti- 
vum C. Bauh., Panicum americanum 
Clus., Turdus iliacus Ray, etc. The nomen- 
clature of Gesner and Ray (cf. Greene, 
1888) is in some of their works predomi- 
nantly binomial. Furthermore Pierre 
Richer Belleval (1562-1632) introduced a 
deliberate binomial system of nomencla- 
ture about 1605. In this a generic name in 
Latin was followed by a specific epithet in 
Greek characters expressing several fea- 
tures of the plant, e.g., Fritillaria n\atugv- 
ArAaySoundtwes, Anemone admxodreuxavOes (cf. 
Planchon, 1869). Some of Linnaeus’s bi- 
nomials, e.g., Allium ursinum and Lilium 
candidum, had even been vernacular plant 
names among the Romans some two thou- 
sand years ago. Names of this kind must 


have come into existence long before the 
invention of writing because they arig 
from a common human need and a con. 
mon human limitation. This need is thy 
of simultaneously indicating both resem. 
blance and difference. The limitation jg 
that of ordinary human memory; it js 
easier to keep two words associated than 
three or four, even though the long 
phrase may be more informative. The 
system of naming which Linnaeus built 
up is based, as Cain (1958) has empha. 
sized, on the conviction that naturalists 
should be able to ascertain the names of 
organisms by means of a conspectus and 
descriptions and to commit these names 
to memory. The binomial method, de. 
rived from the usages of prehistoric 
hunters and peasants, is simply to havea 
collective name, such as owl, for objects 
with common attributes and then to dis. 
tinguish each kind within the group by 
adding a single word easy to remember, 
as barn, burrowing, hawk, little, tawny, 
snowy, etc. In English this added word 
(epithet) normally comes first, although 
we talk of both fern royal and royal fern; 
in Latin, as in many other languages, it 
commonly follows the generic word. Since 
these epithets, e.g., burrowing, little, 
tawny, need not be mutually exclusive, 
the organisms concerned cannot neces- 
sarily be recognized simply by means of 
their names. Thus a person who has seen 
an owl can recognize other birds of prey 
with large flattened faces as being of the 
same nature and call them “owls” like 
wise, but their specific names, burrowing 
owl, little owl, and tawny owl, for ex- 
ample, not being always mutually exclu- 
sive, do not enable him, without prior 
knowledge, to distinguish the species con- 
cerned. They are effective means of com- 
munication only between people who 
associate these names with the same 
concepts; they fail when the same name is 
associated with different concepts, when 
for example, the name screech owl is ap- 
plied to both Tyto alba (as in England) 
and Otus asio (as in U.S.A.). These asso- 
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ciations are learned and memorized 
among primitive peoples only by direct 
teaching and experience. Among more ad- 
vanced peoples they can be recorded in 
pooks with pictures and descriptions, 
which are a form of memory outside the 
man, and thereby made stable in form and 
application both from people to people and 
from generation to generation. These pic- 
tures and descriptions must, however, 
themselves be adequate to establish such 
atradition of unambiguous use. They can 
only do this if they form part of organized 
knowledge. Linnaeus’s big achievement 
was thus not the invention of binomial 
nomenclature, which he owed to his pred- 
ecessors, or even the coining of bino- 
mials for some 6,000 species of plants and 
4000 of animals, which he did on the 
whole with good taste and aptness, but 
the linking of these names with some 
10,000 descriptions and carefully drafted 
definitions; at the same time he set in 
order the previous literature, so that other 
people could thereafter associate the same 
binomial with the same concept. This 
was an encyclopedic task in keeping with 
the general encyclopedic and systematiz- 
ing effort of the 18th century (cf. Stearn, 
1957: 11-12). 

Because, however, the Species Plan- 
tarum of 1753 and the Systema Naturae of 
1758 are the only Linnaean works now at 
all widely known, because they are con- 
sulted primarily for the binomial names 
adopted in them, and because it is for 
these names that Linnaeus is remembered 
and honored today, the giving of such 
names might well appear to have been 
Linnaeus’s major activity and the main 
object of the work concerned. This suppo- 
sition, though endorsed by textbooks, is 
erroneous. 

In the Species Plantarum and the Sys- 
tema Naturae Linnaeus used two sorts of 
specific names simultaneously for the 
same organism: binomials or two-word 
names, such as Potamogeton natans, 
which remain in currency, and polyno- 
mials or several-word descriptive and di- 


agnostic names (phrase-names), such as 
Potamogeton foliis oblongo-ovatis petio- 
latis natantibus, which became obsolete 
almost in his own lifetime. A true specific 
name (nomen specificum legitimum) was 
for him the second sort of name, the poly- 
nomial or phrase-name, which distin- 
guished the species by its characters from 
its congeners, rather than simply desig- 
nated it. These polynomials were thus 
concise definitions; they functioned as 
summaries within a system of knowledge, 
whereas binomials were merely conven- 
ient but not essential references to them 
and by themselves were useless. Lin- 
naeus’s binomial nomenclature was in 
truth a by-product, almost an accident, of 
his task of providing definitions and 
means of identifying genera and species. 
His success in this won acceptance of the 
binomial names along with his polyno- 
mials. 

Out of these considerations come vari- 
ous questions relevant to an understand- 
ing of the names and methods inherited 
by modern biology from Linnaeus. His 
own answers to such questions are mostly 
to be found in his Critica botanica (1737). 
This work was published when he was 30 
years old and expands his Fundamenta 
botanica (1736) which had evidently been 
drafted earlier. Thus the Systema Na- 
turae of 1758 and the Species Plantarum 
of 1753 lead back to the crucial period of 
his career, his student years from 1727 to 
1734. In the Fundamenta botanica and 
Critica botanica Linnaeus set forth the 
basic methods used in his later botanical 
and zoological works. 


Function and Formation of Names 


The most important of these questions 
is: what is the function of a name in 
biology? On this matter Linnaeus stated 
(Crit. bot. no. 210): “a rustic knows plants 
and so maybe does a brute beast, but 
neither can make anyone else the wiser. 
The botanist is distinguished from the lay- 
man in that he can give a name which fits 
one particular plant and not another, and 
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which can be understood by anyone all 
the world over.” In other words, a name 
should be a means of communication both 
precise and suitable for international use. 

He then laid down a series of proposi- 
tions concerning generic names: 

“213. All those plants which belong to 
one genus must be designated by the same 
generic name.” 

“214. All those plants which belong to 
different genera must be designated by 
different generic names.” 

“217. If one and the same generic name 
has been adopted to designate two differ- 
ent genera, it will have to be banished 
from one of the positions which it occu- 
pies.” 

“228. Generic names with a similar 
sound give a handle to confusion.” 

Linnaeus considered that generic names 
should be apt in meaning, pleasant to 
hear, easy to say and to remember, and 
not more than 12 letters long. This led 
him to shorten Anapodophyllum, for ex- 
ample, to Podophyllum and Hydrocerato- 
phyllum to Ceratophyllum and to replace 
Hypophyllocarpodendron by Protea. “The 
names bestowed by the ancient Greeks 
and Romans I commend, but I shudder at 
the sight of most of those given by modern 
authorities,” he wrote in 1737. In works 
of 1957 we find such names as Bacchari- 
dastrum notobellidastrum, Pteropentaco- 
ilanthus hypertrophicus, and Echinofos- 
sulocactus zacatecasensis. Rowley (1956) 
has justly termed them caconyms. Lin- 
naeus would have agreed with him. 

Coming to specific names Linnaeus 
wrote: 

“225. A plant is completely named 
when it is furnished with a generic and 
specific name.” 

“256. The specific name should dis- 
tinguish the plant from all others of the 
same genus.” 

“258. The specific name will identify 
the plant which bears it at the first 
glance, since it expresses the differentia 
which is imprinted on the plant itself.” 

These propositions emphasize the func- 
tions of names as means of identification. 


The kind of names Linnaeus had in ming 
are, of course, the diagnostic polynomials 
mentioned above, such as Salix foliis ser. 
ratis glabris orbiculatis, and Salix foliis 
utrinque lanatis subrotundis acutis. These 
were the names to which he attached 
most importance, these the names op 
which he spent most of his creative life, 
paradoxically we honor him now for get. 
ting rid of them! What is the explanation 
of this seeming contradiction? 

The truth is that for most of his life 
Linnaeus did not realize that he was try. 
ing to make a name do more than a name 
can possibly do. Until 1753 the interna. 
tional scientific name for a species had 
two rather conflicting functions: (1) to 
provide a designation which could be held 
in the memory; and (2) at the same time 
to state the character or characters dis. 
tinguishing the species from other species 
of the same genus. Unfortunately the 
more species there are in a genus the more 
difficult it is to state their distinguishing 
features in a few words. The longer and 
more efficient the name becomes for 
diagnosis, the more inefficient and awk- 
ward it becomes as a designation. This 
difficulty, ultimately solved by Linnaean 
binomial nomenclature, was not so evi- 
dent in Linnaeus’s youth, the period 
when his ideas took shape, because his 
knowledge was bounded by the Swedish 
flora and the then poorly stocked botanic 
gardens of Sweden. He had no idea of the 
number of species waiting to be named. 

Even in 1753 Linnaeus believed that the 
number of species of plants in the whole 
world would hardly reach 10,000; in his 
whole career he named about 7,700 spe- 
cies of flowering plants. Now life is not so 
simple. Modern estimates put the number 
of known species of flowering plants as 
between 250,000 and 380,000, many times 
more than he thought possible for the 
whole vegetable kingdom, and genera 
such as Senecio and Solanum each con- 
tain over 1,000 species; between 1900 and 
1955 botanists described some 198,00 
species of flowering plants as new, ut- 
doubtedly with undue optimism! The 
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number of living species of Insecta is esti- 
mated at about 754,000—850,000 and of 
animals as a whole 930,000—1,120,000. It 
is indeed fortunate for biology that Lin- 
naeus passed his life in blissful ignorance 
of such frightening statistics. Thus, be- 
lieving that no genus would contain more 
than 100 species, he calculated (wrongly, 
as it happens) that the character of a spe- 
cies could always be expressed in 12 
words or less. 


Memorizing of Genera but not Species 


Another reason why Linnaeus did not 
face this problem during his crucial years 
was that he was at first pre-occupied with 
the genus as the unit of classification (cf. 
Cain, 1956). Before defining the species 
he had to define the genera and to group 
these into classes and orders. He took the 
view that naturalists should be able to 
memorize the genera, both their charac- 
ters and their names. In 1737 appeared his 
Genera Plantarum. Explaining the no- 
menclature employed he stated, that the 
names of genera should consist of only one 
word, not used as a technical term, easy 
to pronounce and not too long, “because 
generic names have to be committed to 
the memory, while few need remember 
specific names.” 

This last remark is very revealing. Ap- 
parently not even Linnaeus expected 
people to remember long diagnostic spe- 
cific names. Hence limitations of the 
memory did not curb their length. By 
making them ever more precise, loaded 
with words and pregnant with meaning, 
Linnaeus inevitably restricted them more 
and more to learned use. Even in teach- 
ing students, they must have been very 
inconvenient and it may well be that Lin- 
naeus’s awareness of his students’ diffi- 
culties made him favorably receptive to 
a simpler alternative naming system for 
everyday use and thus led to the restora- 
tion of binomial nomenclature. It is un- 
likely that he clearly recognized the prob- 


lem and introduced binomials as a solu- 
tion. 


Influence of Vernacular Nomenclature 


A scientific name such as Primula foliis 
dentatis rugosis might be difficult to re- 
member, but what could Linnaeus’s stu- 
dents have used instead? A vernacular 
name? This would create another diffi- 
culty. Whose vernacular name? A man 
from Gotland might know this plant as 
‘Gidkblomma,’ one from Smaland as ‘Kar- 
ingtander,’ one from Vestergétland as 
‘Jungfru Mariae Nycklar,’ from elsewhere 
as ‘Oxlagg,’ and so on. Yet in vernacular 
nomenclature lay the germ of the answer 
to this unstated problem. Vernacular 
names, the names used by unlearned 
peasants, woodsmen, hunters and farmers, 
have everywhere the same characteristics: 
they are mostly short and easy to remem- 
ber. Even such exceptions as “Welcome 
home husband though never so drunk” ? 
and “Kiss me by the garden gate” * have 
associations that hold them in mind! 

This vernacular nomenclature often has 
a binomial character, sometimes dis- 
guised, however, by fusion of its two ele- 
ments. The blue anemone® which Lin- 
naeus in 1745 was calling Hepatica, Swed- 
ish countrymen then knew and still do as 
“Blasippa.” The white anemone which he 
then called Anemone seminibus acutis 
foliolis incisis, caule unifloro they knew as 
“Hwitsippa” (ie., “Vitsippa’). Linnaeus 
did not despise these vernacular names of 
the Swedish peasantry. On the contrary 
he was so keenly interested in them that 
he may have invented a few himself! He 
recorded them region by region along with 
scientific names in his Flora Suecica 
(1745). Thus the scientific names adopted 
in that work under Bromus, for example, 
are polynomials such as 84 Bromus pani- 
cula patente, spiculis ovatis, aristis rectis, 
but the Swedish vernacular names are all 
binomials, as 84 “Rag-losta,” 85 “Ren- 


1 Sedum acre L. 

2Viola tricolor L., Violax wittrockiana 
Gams. 

8 Anemone hepatica L. (Hepatica nobilis 
Miller) 

4 Anemone nemorosa L. 
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losta,” 86 “Tak-losta,” 87 ‘“Rak-losta,” 88 
“Lang-losta,” 89 “Sparr-losta.” In other 
words, the vernacular binomial system for 
these grasses preceded the scientific bino- 
mial system; indeed it gave rise to this. 
Thus when Linnaeus dealt with these 
species in his Species Plantarum (1753), 
he provided them with Latin binomials 
which are simply translations or near 
equivalents of their already existing Swed- 
ish vernacular names, e.g. 


1. Bromus secalinus, Rag-losta (i.e., 
rye-brome) 

6. Bromus arvensis, Ren-losta (i.e., 
fieldside-brome) 

7. Bromus tectorum, Tak-losta (i.e., 
roof-brome) 

8. Bromus hordeaceus, Rak-losta (i.e., 
straight-brome) 

9. Bromus giganteus, Lang-losta (i.e., 
tall-brome) 

10. Bromus pinnatus, Sparr-losta (i.e., 
ratchet-brome) 


By the introduction of his binomial sys- 
tem of nomenclature Linnaeus gave 
plants and animals an essentially Latin 
nomenclature like vernacular nomencla- 
ture in style but linked to published, and 
hence relatively stable and verifiable, sci- 
entific concepts and thus suitable for in- 
ternational use. This was his most im- 
portant contribution to biology. 


Origin of Linnaean Binomial 
Nomenclature 


How did this come about? One can sur- 
mise only, since Linnaeus left no state- 
ment, that it began humbly as a device for 
the use of students concerned with the 
Swedish flora, providing them with names 
easy to index and to remember, thereby 
saving paper, time, and mental effort, and 
that it was not intended at the start to bea 
general system of biological naming. In- 
deed, however useful it had proved for 
teaching purposes, it could not have been 
applied to the whole living world in 1745, 
when Linnaeus introduced it, because 
there did not then exist a systematic 


framework of well-organized diagnostic 
phrases and descriptions of species upon 
which such arbitrary binomials could be 
imposed. Only a few specific epithets oe. 
cur in the 1746-1748 draft of the Specie; 
Plantarum and Linnaeus may not have 
decided to apply them to the whole vege. 
table kingdom until 1751 when he began 
to write the final draft published in 1753, 
Contact with students may, as already in. 
dicated, have been the decisive factor, 
On his 1741 expedition to the Baltic is. 
lands of Oeland and Gotland, Linnaeus 
was accompanied by “six young, hané- 
some and intelligent youths.” It is in the 
index to the report of this journey, Olind. 
ska och Gothlindska Resa (1749), that he 
first used consistently and extensively a 
binomial nomenclature for species. In the 
dissertation Pan Suecicus—submittit N. 
L. Hesselgren (1749), such a nomencla- 
ture was applied to 856 Swedish species 
(Fig. 1). The authorship of this disserta- 
tion has been incorrectly attributed to the 
student Nicolaus Hesselgren. Linnaeus’s 
letter of 13 April, 1743, to Sauvages (cf. 
Cassan, 1860: 47) mentions as being in 
preparation a work “Pan Suwecianus ubi 
quadrupedes, aves, amphibia, pisces, in- 
secta, vermes omnes Sueciae mihi notae 
distribuentur—cum loco natali et planta 
in quibus vivunt insecta.” This evidently 
became the Fawna Suecica (1746). Mean- 
while Linnaeus enlisted the help of four 
students, later increased to more than 
eight, Hesselgren not being originally one 
of them, in an enquiry into the plants 
eaten by livestock, and it is their results 
which are published in the dissertation 
Pan Suecicus (1749). The original manv- 
script of this (British Museum, Egerton 
MSS 2039)° is entitled “Caroli Linnaei Pan 


5 Since this address was prepared, Rams 
bottom (1959, May) has published photo 
graphs of three pages of this long-overlooked 
Linnaean manuscript. They can be compared 
with the corresponding pages reproduced in 
facsimile by Heller and Stearn (1959, Febru- 
ary; pp. 89-91), as can Ramsbottom (1959) 
pp. 151-152, 166 with Stearn (1957) pp. 5l- 
55, 67. 
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Fic. 2. Title page of Linnaeus’s original manuscript version (B. M. Egerton 
MSS 2039) of the dissertation Pan Suecicus. 
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of the dissertation Pan Suecicus (1749) and 
of Linnaeus using deliberate binomials. 
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Fic. 1. Title page of the Linnaean disserta- 
tion Pan Suecicus as published in 1749. 


Suecicus sistens Animalia phytivora per 
Regnum Florae Suecicae inhospita.” In 
the introduction of this manuscript (cf. 
Uggla, 1957; Ramsbottom, 1959), presum- 
ably written in or after 1746, the year of 
publication of the Fauna Suecica, neither 
binomials nor polynomials appear; species 
are designated simply by a generic name 
and a number which refers to an entry in 
the Flora Swecica (1745), e.g., Euphorbia 
436 or Stormhatten (i.e., Aconitum) 422, 
or in the Fauna Suecica (1746), e.g., Pha- 
laena 825. This was evidently the general 
procedure of the period. In other Lin- 
naean works of a concise or general na- 
ture, e.g., the dissertations Flora oecono- 
mica—submittit E. Aspelin (1748), De 
Oeconomia Naturae—submittit I. J. Bi- 
berg (1749), and Cui bono?—offert C. 
Gedner (1732), species are likewise desig- 


Fic. 4. Specimen page of the Linnaean dis- 
sertation Pan Suecicus (1749), listing Swedish 
plants eaten or rejected by domestic animals. 


nated only by the Flora Suecica or Fauna 
Suecica number and their generic name, 
e.g., 404 Filipendula and 405 Filipendula, 
Sturnus Fn. 183, Fringilla Fn. 99. To cor- 
relate the observations later published in 
the Pan Suecicus, Linnaeus listed by their 
Flora Suecica numbers and generic names 
all the species enumerated in the Flora 
Suecica and ruled five columns into which 
a note could be made stating whether the 
plant was eaten or rejected by cattle, 
goats, sheep, horses, or swine (Figs. 3, 4). 
When the species belonged to a monotypic 
genus, he simply entered the generic 
name without epithet, e.g., 1. Salicornia, 
2. Hippuris, 3. Callitriche, 4. Ligustrum, 5. 
Circaea, but when there were several spe- 
cies of the same genus he added an epithet 
to the generic name, e.g., 21. Pinguicula 
vulgaris, 22. Pinguicula alba, 23. Pingui- 
cula lapponica, 24. Utricularia major, 25. 
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Utricularia minor. This is the same system 
as he adopted at about the same time in 
the index of the Oldndska och Gothlindska 
Resa (1745) where, however, the Flora 
Suecica number comes between the ge- 
neric name and the epithet, e.g., Pingui- 
cula 21 vulgaris, Utricularia 24 major. It 
was a convenient tabulating and indexing 
device with potentialities which he may 
not have fully appreciated then but which 
he exploited later. 

It seems likely, however, that the long 
diagnostic specific names never were in 
conversational or general use. Essentially 
book-names coined in the study, they im- 
posed too great a burden upon the memory 
for much use anywhere else, e.g., in the 
garden and on botanical excursions. The 
“herbationes Upsalienses” of Linnaeus 
were very popular, sometimes attended by 
200 to 300 persons, and in the course of 
them he discussed the medicinal proper- 
ties and uses of the plants found. His 
students took notes and presumably, like 
students everywhere, they had to jot 
down the professor’s information quickly. 
It is hard to believe that even Linnaeus 
would have said something like “this 
roadside weed is Achillea foliis duplicato- 
pinnatis glabris, laciniis linearibus acute 
laciniatis; over there in that damp hollow 
is Galium foliis quaternis obverse ovatis 
inaequalibus; in this dry place we have 
Dianthus floribus solitariis, squamis caly- 
cinis lanceolatis, corollis crenatis; look 
sharp and list them!” Fortunately a few 
original notes (protocols) of these Lin- 
naean excursions around Uppsala still 
exist (cf. Hjelmquist, 1951; Berg and 
Uggla, 1951). They reveal that, even be- 
fore the introduction of consistent bino- 
mial nomenclature for species of plants in 
1753, Linnaeus did not use such long- 
winded names in the field. Thus on an ex- 
cursion of 1748, the three species just men- 
tioned were simply designated as Achillea 
705, Galium 119, Dianthus 342, the nu- 
merals referring to species-entries in Lin- 
naeus’s Flora Suecica (1745) where their 
diagnoses (nomina specifica legitima) are 


to be found. This is really a binomial sys. 
tem, with a number serving as a specific 
epithet. The disadvantage of the number 
was that it had meaning only when aggo. 
ciated with a given entry in a given edi. 
tion of a certain book, and possessed noth. 
ing distinctive to link it with a particular 
species. Linnaeus himself said in his (yj. 
tica botanica, no. 258 (1737), when out. 
lawing as absurd such names as Tinys 
prior, Tinus alter, Tinus tertius, that “the 
numerical order which the old botanists 
stamped on their own brains they assur. 
edly failed to stamp on plants, in sucha 
way that anyone can perceive a trace of 
it.” In the index to the Oléndska och 
Gothlaéndska Resa (1745; reproduced in 
Stearn, 1957) already mentioned, Lin. 
naeus followed the number by a catch- 
word or epithet, as Galiwm 116 luteum, 
Galium 118 album, Galium 119 cruciata, 
Filipendula 404 vulgaris, Filipendula 405 
Ulmaria, Achillea 705 Millefolium. After 
the publication of the Species Plantarum 
in 1753, Achillea 705 could be designated 
as Achillea millefolium, Galium 119 as 
Galium palustre, and Dianthus 342 as 
Dianthus deltoides; the epithets (nomina 
trivialia) were now linked with diag- 
nostic names (nomina specifica legitima) 
in the Species Plantarum just as definitely 
as the Flora Suecica numbers had been 
linked to diagnostic names. The nu- 
merals thus acted as a means of transi- 
tion from the polynomial to the binomial 
system when the need for the latter was 
becoming evident to Linnaeus. This tran- 
sitional stage is well exemplified in the 
lists of species on pp. 265-275 of Linnaeus’s 
Philosophia botanica, written in 1750, 
when Linnaeus needed concise designa- 
tions but apparently had not yet definitely 
made up his mind about their formation; 
here designations such as Campanula h. 
cliff. 4, Melampyrum FI. su. 510, Lactuca 
1 sativa, Calendula africana Hort. ups. 274 
n. 2., Reseda vulgaris concisely replace 
polynomials but have not been reduced 
to a uniform style. 
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Advantages of Binomial Nomenclature 


As a means of communication the bino- 
mial system had two advantages over the 
polynomial one: firstly, a concise albeit 
arbitrary name such as Veronica spicata 
was easier to remember than the alterna- 
tive diagnostic one Veronica floribus spi- 
catis, foliis oppositis, caule erecto; sec- 
ondly, it could remain constant as long as 
the plant remained in the same genus, 
whereas a diagnostic name in order to re- 
main diagnostic had to be revised when- 
ever related new species came to hand. 
Thus Linnaeus’s 1738 polynomial for this 
species was Veronica foliis oppositis, caule 
spica terminato, i.e., 6 words; his 1745 
polynomial Veronica floribus spicatis, 
foliis oppositis, caule erecto, i.e., 7 words; 
his 1753 polynomial Veronica spica ter- 
minali, foliis oppositis crenatis obtusis, 
caule adscendente simplicissimo, i.e., 11 
words. The alternative two-word name 
Veronica spicata, introduced by Linnaeus 
in 1745 and retained by him in 1753, has 
remained unchanged to the present day. 
These two advantages were in fact noted 
by Linnaeus in his Philosophia botanica 
no. 257 (1751). 

The binomial was intended for general 
everyday use, as the term nomen triviale 
introduced in Philosophia botanica (1751) 
for the epithet of a binomial and the ad- 
verb Vulgo (for all the world, generally) 
placed before the new binomials Splach- 
num rubrum and Splachnum luteum in 
the dissertation Splachnum—subjicit L. 
Montin (1750) make evident, but it was 
not intended to supersede the polynomial, 
such as Splachnum umbraculo convezo or 
Splachnum umbraculo plano, for diag- 
nostic purposes. 

By no means all known species had 
been designated by polynomials before 
they received binomials. About 300 of the 
genera recognized by Linnaeus in 1753 
were then monotypic, and for the designa- 
tion of their one and only species the ge- 
nheric name alone would have sufficed. The 
binomial system actually lengthened the 
names of such species. Thus E. L. Greene 


pointed out, “in 1751 he [Linnaeus] 
founded the genus Sarothra. There was 
but one species and Sarothra was all the 
name it needed. Two years later, coming 
to the fulfilment of his purpose of a uni- 
versal binomial nomenclature, he gave it 
its merely decorative or balancing append- 
age of a specific name and called it Saro- 
thra gentianoides.” Linnaeus’s deliberate 
and systematic expansion of monomials 
into binomials was just as significant a 
departure from accepted usage as the 
contraction of polynomials into bino- 
mials; under the old system it would have 
been highly illogical. He began this in 
1745 by attaching the “merely decorative 
or balancing appendage” wnicus to the 
generic names Anthoxanthum, Aphanes, 
Asperugo, Hottonia, Glaux, Scheuchzeria, 
Trientalis, Adora, Butomus, Agrostema, 
Hepatica, Caltha, Linnaea, and Tazrus, 
thereby indicating the then monotypic 
state of the genera concerned; it was not 
simple pride that led him to name the 
twinflower Linnaea unica! 


Concurrent Binomials and Polynomials 


Thus Linnaeus separated the two func- 
tions, designatory and diagnostic, of 
names for species. As mentioned above, 
this involved the concurrent use of two 
sets of names: 1) the binomial, such as 
Phlomis fruticosa, which designated the 
species, 2) the polynomial, such as Phio- 
mis foliis subrotundis tomentosis crenatis, 
involucris lanceolatis, which stated the 
characters distinguishing it from other 
species. Linnaeus did not discard the old 
many-word specific names (nomina speci- 
fica legitima) when he introduced the new 
single-word epithets (nomina trivialia) 
often taken from earlier authors, e.g., 
Gesner, Clusius, C. Bauhin (see above), 
to maintain continuity; he often used the 
two kinds of name side by side and kept 
on coining both concurrently for the rest 
of his life. The polynomial because of its 
key function within Linnaeus’s vast sys- 
tem of biological recording gave meaning 
and stability to the more easily memorized 
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binomial. Hence its importance, too often 
overlooked or ignored, in the typification 
of Linnaean species which is essentially 
determination of the specimen or illus- 
tration providing the characters expressed 
in the polynomial, applied to a species in 
a genus not monotypic. 


Linnaeus’s Character 


The introduction of this binomial sys- 
tem of nomenclature has proved Lin- 
naeus’s most lasting contribution to sys- 
tematic biology but it arose out of his 
other achievements, which in turn can 
only be understood by reference to his 
career and character, his own aims and 
the general knowledge of his time. On 
these there is abundant information else- 
where (cf. Boerman, 1953; Gourlie, 1953; 
Hagberg, 1952; Stearn, 1957). His father, 
the first man to bear the name Linnaeus, 
was a Lutheran clergyman of limited 
means, interested in natural history—he 
possessed, for example, Aristotle’s His- 
toria Animalium (cf. Fredbarj, 1956)— 
and in gardening. His influence probably 
helped Linnaeus towards the belief that 
it was his mission to reveal the three 
realms of Nature in an orderly manner, to 
produce his Systema Naturae. 

The character of Linnaeus was too com- 
plex to find expression as a whole in any 
one technical work, but the Systema Na- 
turae in its history, its aim, its format, its 
arrangement and its contents, somehow 
epitomizes what are for us the most im- 
portant aspects of it. To unravel, how- 
ever, all that lies behind that book in its 
tenth edition would be a task comparable 
in magnitude to, and needing the same 
wide scholarship as, analysing Goethe’s 
Faust or following the intricate intellec- 
tual meanderings and digressions of Sam- 
uel Taylor Coleridge along The Road to 
Xanadu traced by J. L. Lowes. Linnaeus’s 
Systema Naturae of 1758-59 looks a rather 
dull and formal reference book, to be 
taken off the shelf merely to check the 
spelling of a name and its typification. It 
is a little hard to see it in its full signifi- 


cance as a work wherein a single ming 
sought to grasp and to record succinctly 
the distinguishing features of all the gen. 
era and all the species of animals ang 
plants upon the face of the earth and in its 
waters. The mere thought of doing this 
today, when an army of systematists can. 
not accomplish it, is staggering. I am re 
minded of what J. M. Keynes has said 
about Newton in one of the shortest and 
most illuminating essays ever written 
about that strange man, “the last of the 
magicians,” because although the intel- 
lects of Newton and Linnaeus were of 
very different quality their attitudes were 
alike conditioned by theological interests 
alien to the modern scientific world. New- 
ton, as Keynes has convincingly argued, 
“regarded the universe as a cryptograph 
set by the Almighty—by pure thought, by 
concentration of mind, the riddle he be. 
lieved would be revealed to the initiate.” 
Linnaeus never attempted Newton’s prob- 
ing of the esoteric, but he believed the uni- 
verse to have a divine plan. Concerning 
this Hofsten (1958) has indicated the in- 
fluence of Seneca’s Quaestiones in rein- 
forcing impressions gained from the Bible: 
“Linnaeus’s general concept of Nature as 
a wonderful harmony manifesting a di- 
vine purpose is on the whole very oftena 
reflection of ideas in Stoic philosophy.” 
Backed by such views on the orderliness 
and coherence of Nature, Linnaeus set out 
to reveal the Creator’s work to his fellow 
men and in so far as this concerned dis- 
tinguishing of genera and species he suc- 
ceeded remarkably. His achievement, as 
J. H. Plumb has written of Dryden’s, 
raises “the fascinating question of success, 
of the relationship between certain vati- 
eties of human temperament and the soci- 
eties which valued them and allowed 
them to cultivate their gifts. Probably 
genius is not uncommon but needs great 
luck—luck of time, luck of circumstance. 
Neither Newton, nor Wren, nor Pope 
would have stood much chance if they had 
been humbly born in the slums of St. 
Giles-in-the-Fields or in tenth-century 
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Stornoway.” It was Linnaeus’s good for- 
tune that his gifts were those which su- 
premely met the needs of the time in biol- 
ogy and that at crucial periods of his life 
he came into contact with men who were 
able to keep him on the way to the full 
exercise of those gifts. His enthusiasm, 
his ability and his genial disposition— 
even though jealousy often lay behind it 
—convinced wealthy backers at the right 
time. Their perspicacity, as it happens, 
has embalmed their names in biology: the 
genera Celsia, Rudbeckia, Gronovia, Law- 
sonia, and Cliffortia commemorate Lin- 
naeus’s patrons. 


The Systema Naturae 


When in 1735, at the age of 27, Linnaeus 
left Sweden for Holland, he had planned 
and partly written all of his later major 
works. He took with him, among other 
manuscripts, the draft of the first edition 
of his Systema Naturae. This ingenious 
work was just what naturalists of the 
time needed. The Dutch had holdings in 
South America, the West Indies, South 
Africa, and the East Indies, with an out- 
post in Japan, while the British held part 
of Eastern North America, the West In- 
dies, and India (cf. Stearn, 1958b). From 
these countries an immense number of 
natural history specimens and plants for 
gardens were being introduced, via Hol- 
land and England, into Europe. The own- 
ers of collections needed a system of ar- 
ranging and naming their material (cf. 
Stearn, 1959). Linnaeus’s Systema Na- 
turae provided a concise, methodical, and 
ingenious synopsis whereby a mineral, a 
plant or an animal could be referred to a 
definite place within a system and associ- 
ated with a name. Gronovius and Lawson 
were so impressed that they sent the 
young Swede’s work to be printed at their 
own expense. It consists of only 12 folio 
pages, now so rare that a copy was sold in 
London in 1930 for £350, another in 1954 
for £1100, and a third in 1959 for £2900. 

In 1740 Linnaeus brought out a second 
edition, octavo this time, in 1748 another 


(sixth edition); neither of these employs 
binomial nomenclature; not until 1758 
appeared the first one (the tenth edition) 
to do so. The 1740 and 1748 editions list 
many species of animals, but not of plants 
with which Linnaeus was then dealing 
in other works. They are, however, es- 
sentially concise synoptic treatments of 
genera, making no pretence to a detailed 
treatment of species. In 1753 and 1758 he 
covered the species as well. 

Thus by 1758 Linnaeus had built up a 
system of classification embracing the 
whole living world as then known and had 
defined its classes, genera, and species, 
with such economy of words that he some- 
times dealt with 20 species on a single 
octavo page. The merit of the work lies 
indeed in its efficient comprehensiveness 
rather than any originality of design. The 
notion that resemblances in certain organs 
are more important than differences in 
others goes back to Andrea Cesalpino’s 
De Plantis Libri XV (1583), which is pri- 
marily concerned with fruiting structures, 
and its acceptance leads almost automati- 
cally “into an assemblage of divisions and 
groups successively subordinate the lower 
to the higher, like the brigades, regiments 
and companies of an army, or the prov- 
inces, towns and parishes of a kingdom,” 
as described by Whewell. Cesalpino (1519- 
1603) himself wrote: “Cum igitur scientia 
omnis in similium collectione et dissimi- 
lium distinctione consistat; haec autem 
distributio est in genera et species veluti 
classes secundum differentias rei naturam 
indicantes.” Linnaeus did not accept the 
classification of plants set forth by Cesal- 
pino (cf. Bremekamp, 1953) and other 
pre-Linnaean authors but grouped the 
genera according to his own admittedly 
artificial “sexual system” based on the 
number of stamens and pistils. For his pri- 
mary divisions of the animal kingdom he 
adopted the characters used earlier in 
John Ray’s Synopsis methodica Anima- 
lium (1693). Although Ray swept aside 
the old unsatisfactory classification of ani- 
mals derived from Aristotle, he neverthe- 
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less “adopted certain Aristotelian criteria, 
the structure of the mammalian foot, for 
example, and by strict application of the 
principle of the ‘Excluded Middle’ (every- 
thing is either A or not A) produced a 
series of essentially dichotomous keys, 
which were remarkably successful in 
achieving a workable method of classify- 
ing animals” (Hopwood, 1905b: 46). Thus 
Ray’s work, like Linnaeus’s derived from 
it and Cesalpino’s preceding it, was based 
on the general principles of classification 
as laid down in Aristotelian logic. Even if 
Linnaeus himself made no direct study of 
these, he could have learned their essen- 
tials from his teachers, J. S. Rothman 
(1684-1763) and the younger Rudbeck 
(1660-1740), and his erudite ill-starred 
collaborator Petrus Artedi (1705-1735). 
Since these principles have been well ex- 
pounded by Cain (1958), it is unnecessary 
to do more than summarize them here. 


Logic of Classification 


In terms of logic, arranging subjects 
into classes is classification; distinguish- 
ing divisions of classes is logical division. 
The same principles apply to these up- 
ward and downward processes. One is 
that co-ordinate classes must be mutually 
exclusive. The group to be divided is the 
genus; the parts into which it is divided 
are the species. The characteristics which 
the species possess are of several kinds, 
i.e., (1) those which every member of the 
genus possesses but which are also pos- 
sessed by members of other genera; (2) 
those which every member and only a 
member of the genus possesses; (3) those 
which only a given member possesses. In- 
vestigating the characteristics of a group 
and determining to which kind they be- 
long is a fundamental taxonomic proce- 
dure, but not confined to biology. Every 
species is what it is and not something 
else because it is an expression of its es- 
sence; as expressed by Maritain “it is by 
and in its essence that a thing possesses 
being or existence.” The definition of the 
particular species must provide a state- 


ment of the characteristics, arising out of 
its essence, that make it that and no 
something else. The definition thus coy. 
ers the characteristics which the species 
shares with other member-species of jts 
genus which is implied by giving it ang 
them the same generic name, and thoge 
characteristics which distinguish it from 
these other members, its differentiae. This 
process of definition is described as being 
per genus et differentiam. Simply to 
know this about something merely enables 
it to be recognized and is preliminary to 
other investigation. Nevertheless the def. 
nition of some 6000 species of plants and 
4000 species of animals in the Systema 
Naturae is a monumental achievement. 
Whatever Linnaeus failed to do that later 
people with lesser burdens think he 
should have done, his definitions and clas. 
sification of all these organisms stands 
out as something that no one else could do 
then and no one else has been able to do 
since. 


Linnaeus’s Treatment of the Genus Fulica 


After Linnaeus’s death his student, the 
entomologist J. C. Fabricus (1745-1808), 
said of him that “his greatest asset lay in 
the co-ordinated arrangement which his 
thoughts took. Everything that he said 
and did was orderly, was systematic, and 
I can hardly believe that Europe will pro- 
duce a more systematical genius.” That is 
indeed the impression that these works 
give. To illustrate the system employed 
almost any two pages of the Species 
Plantarum of 1753 or the Systema Naturae 
of 1758 will suffice. Thus at the top of the 
page of the Systema Naturae (1758) re 
lating to the genus Fulica (Fig. 5), is the 
heading Aves Grallae. This places the 
genus in relation to a major division, Aves 
(Birds), and a subdivision of this, the 
Grallae (Rails, Coots, etc.). Then comes 
the generic number and name and thena 
concise statement of generic character: 

82. FuLIcA, Rostrum convexum: Mandi- 
bula superiore margine supra inferiorem 
fornicata; Mandibula inferior, pone apice 
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ipa AVES GRALLZ. Hamatopus. 
81. HEMATOPUS. Rofrum compreffum: apice 
cuneo zquali. 
Pedes tridactyli, fiffi. 
Tt, el. 83. Fn. fvee. 161. Bell, av. 


le 3. qencesee. 
-— 8. Aldr. ern. |. 20. «©. 3. 
Rij. av. 105. Ald. av. 
1. p. BF. #- 85. 
Habitat in Europe, America feptentrionalis lissaribus 
marinis; vidlitat "conebis, 


Will. orm. 220. t. $6, 
i. p- 74. #. 78. Catesb. car, 


82, FULICA. Roffrum convexum: Mandibula fape- 
riore margine fupra inferiorem for- 
nicata; Mandibula inferior, pone 
apicem gibba. 

Frons calva. 
Pedes tetradaktyli, fublobati. 
otra, . F. fronte calva, corpore nigro, digitis lobatis, 
* Falica fronte calva equali. Fn, fvec. 130. 
Fulica. Bell. av. 36. 6. Gefm. av. 390. Aldr. orn, I, 
19. ¢. 13 Will, orm. 239. t. $9. 4 av. 116, 
Marfil. danub. 70. 8. 33. Alb, av. 1. pe 79. & 83 
Haffelqv. a, upf. 1751. p. 22. itin, 2 2. 
Habitat in- Europa; bybernat in Gallia, 
Edit Semina, Herbas, natat fuprague aquam currit. 


Chioro- 3. F. fronte calva, corpore nigro, digitis fimplicibus. 
pus. ea Chloropus. is. ~ 2. a s. 72. & 3. 


gt. Raj. av, 13 
ah in Lsrope. ’ “ 


Porphy- 3. F. fronte calva, corpore violaceo, digitis fimplicibus. 
tio. Ki ulica major puila, fronte cera coceinea oblongo- quae 
drata. rawn, jam. 479. 
Porphyrio. Alb. av. 3. p. 79. t. 84 Raj. av. 116. m 
Edw, av, 87. *. $7. Deda. aff 3. p- 30? 
Hebiet in Afia, America, 


fpinof. 4. F. fronte carunculats, corpore variegato, humeris {pi- 
nofis, digitis fimplicibus, ungue pottico longifimo. 


Galli 
AVES GRALLZ. Pulics. 153 
Gallinula alis cornubus donatis. Edw. av. 48. #. 48. 
Habitat in America anfrali, 


Unguis pofticus reGus , digite longior, Pollex unius are 
pieuli infiftens. Remiges virides. 


Fic. 5. Text of Linnaeus, Systema Naturae, 
10th ed., vol. 1; 152-153 (1758), relating to the 
genus Fulica. 


gibba. Frons calva. Pedes tetradactyli, 
sublobati. 

Within the genus Fulica Linnaeus dis- 
tinguished four species, each provided in 
the margin with a specific epithet or triv- 
ial name—(atra, Chloropus, Porphyrio, 
spinosa)—as well as a species number. 
Next to this comes the name of the genus 
(Fulica abbreviated to F.) followed by 
the definition or differentia (nomen speci- 
ficum legitimum) and then below this 
synonyms, references to literature, state- 
ment of distribution, and sometimes other 
information, The account of each species 
given at first publication is conveniently 
termed its protologue (cf. Stearn, 1957 
126, footnote). The most important ele- 









[> 


. 


Fulica 

Fic. 6. Specific differential characters in the 
Linnaean genus Fulica as portrayed by pre- 
Linnaean authors cited by Linnaeus: Fulica 
atra (lectotype of the genus Fulica), after 
Albin, 1738, Hist. Birds 1, t. 83; Chloropus 
(= Gailinula chloropus), after Albin, 1738, 
Hist. Birds 2, t. 72; Porphyrio (= Porphyrio 
porphyrio), after Edwards, 1747, Hist. Birds 2, 
t. 87; Fulica spinosa (=Jacana spinosa), 
after Edwards, 1743, Hist. Birds 1, t. 48. 





QE 


ments of these protologues are the differ- 
entiae: 


atra 1. fronte calva, corpore 
nigro, digitis lo- 
batis 


Chloropus 2. fronte calva, corpore 
nigro, digitis sim- 
plicibus 

fronte calva, corpore 
violaceo, digitis 
simplicibus 

fronte carunculata, 
corpore variegato, 
humeris _ spinosis 
digitis simplicibus, 
ungue postico 
longissimo, 


Porphyrio _ 3. 


spinosa 4. 
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Such differentiae provide all the material 
needed for simple keys to the species: 


Frons calva Corpus nigrum vel viola- 
ceum. Humerus non spinosus: Un- 
gues aequales: 


Piet lebati .....6 6. 
Digiti simplices: 
Corpus nigrum.... 2. Chloropus 
Corpus violaceum. 2. Porphyrio 
Frons carunculata. Corpus variega- 
tum. Humerus spinosus. 
Unguis posticus 
longissimus .. 4. spinosa 


An alternative key using the same infor- 
mation is as follows: 
Digiti lobati 
Digiti simplices: 
Frons calva: Humerus non spino- 
sus; Ungues aequales: 
Corpus nigrum.... 2. Chloropus 
Corpus violaceum. 3. Porphyrio 
Frons carunculata. Humerus spi- 
nosus. Unguis posticus longis- 
4. spinosa 


These keys show the use of both essential 
and synoptic characters. An essential 
character (nomen specificum essentiale ) 
is a single character enabling the species 
to be recognized by it alone, e.g., the 
flanged or lobed toes (digiti lobati) of the 
coot (F.. atra), the violet plumage (corpus 
violaceum) of the purple coot (F'.. Porphy- 
rio), the very long hind-claw (unguis pos- 
ticus longissimus) and the spur on the 
wing (humerus spinosus) of the jacana 
(F. spinosa). A synoptic character (no- 
men specificum legitimum) mentions sev- 
eral features which are diagnostic when 
associated but not so when taken singly, 
e.g., the non-flanged toes (digiti simplices) 
and black plumage (corpus nigrum) of 
the moorhen or gallinule (F. Chloropus). 

Such diagnostic phrase-names are com- 
pletely in accordance with the traditional 
Aristotelian procedure of definition per 


genus et differentiam. Together with the 
references to the works of Gesner (15]¢. 
1565), Belon (1517-1564), Aldrovangj 
(1522-1605), Ray (1628-1705), Willughby 
(1635-1673), Marsigli (1658-1730), Bq 
wards (1694-1773), Albion (c. 1720-1759), 
and Patrick Browne (c. 1720-1790), they 
made it easy to distinguish the birds con. 
cerned. 

Comparison of Linnaeus’s definition of 
the genus Fulica with the definitions of 
the species reveals some surprising dis. 
crepancies. According to the generic def- 
nition all the species should have “frons 
calva,” yet the fourth species (spinosa) jg 
distinguished from the other three in hay- 
ing “frons carunculata.” In choosing a 
lectotype for the genus Fulica this species 
can be at once eliminated. The generic 
definition also calls for “pedes sublobati” 
but the second and third species (Chloro- 


pus and Porphyrio) are defined as having | 


“digitis simplicibus” and thereby dis- 





tinguished from the first species (atra) | 


with “digitis lobatis” (Fig. 6). Linnaeus’s 
first species (atra) is in fact the only one 
which agrees with the generic definition. 
It is also the species called Fulica by 
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earlier authors. It would also seem tobe | 


the only species with which Linnaeus 


himself was well acquainted, judging | 


from his reference to the Fauna Suecica 
and his note on its habits. Hence Fulica 
atra is to be accepted as the type-species 
of the genus Fulica and retained in Fulica, 
as it always has been, when the Linnaean 
genus is divided. 

In this way Linnaean genera are to be 
typified. Linnaeus should, of course, have 
framed his generic definition so that it ap- 
plied to all the species. The above kind of 
discrepancy shows, as Pennell pointed out 
in 1939 for the Scrophulariaceae (cf. 
Stearn, 1959: 37), that Linnaeus took a 
species well known to him and based his 
generic character on this species. The 
character once drafted, it generally stayed 
unaltered from edition to edition. When 
Linnaeus later came to know other species 
which he felt to be congeneric with the 
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original one by their general appearance 
or the sum of their characters, but which 
diverged from the stated diagnostic char- 
acters of the genus, he put them in the 
same genus but often left the generic de- 
scription as it was. He ought, of course, 
to have redrafted the generic description 
to make it agree with the characters of 
all the species included. Probably he in- 
tended to do so. In fact, however, he was 
too busy and thus left these significant 
pointers to the bases of his concepts and 
his manner of working. They are, indeed, 
valuable for purposes of nomenclature as 
indicating lectotypes for Linnaean genera. 


Conflict Between Logical and Empirical 
Approach 


On a higher level the interest of these 
discrepancies is the hint they give of con- 
flict or lack of harmony in Linnaeus’s 
mind between the a priori approach of 
logic and the empirical approach of mod- 
ern science. The question implied is: (1) 
should things be put together because 
they conform to a definition already 
framed or vice versa separated because 
they do not do so, irrespective of other 
resemblances and differences, or (2) 
should they be linked to things with 
which they agree in their characters gen- 
erally, despite lack of agreement with the 
definition? 

This is a basic matter in taxonomy. Lin- 
naeus, by the methodical cast of his mind, 
was biased to take the first course, that of 
the dispositio theoretica as he called it (cf. 
Phil. bot. no. 152), and usually did so with 
classes, orders, and genera. This way 
leads, of course, to artificial systems of 
classification often very useful for deter- 
mination of names. On the other hand, 
Linnaeus’s poetic feeling for Nature, his 
aesthetic sensitivity, which is closely 
linked to taxonomic insight, and his ex- 
perience led him in dealing with species 
and varieties another way, to what he 
called the dispositio practica, the empir- 
ical method of modern science. Whewell 
(1847) noted this by observing that “upon 


the whole, however, he inclines rather to 
admit transgression of art than of nature.” 

Another manner of expressing the same 
divergence or conflict is to ask: should 
things be classified by definitions or 
grouped around types? In practice Lin- 
naeus did both, as modern systematists 
still do. Thus, when anyone determines 
material by means of a key which gives 
him a series of clear unambiguous con- 
trasting statements and he then accepts 
the name to which continuous exclusion 
of non-applicable statements has led him, 
then he has used the Method of Logical 
Division based on definition. When he de- 
termines material by going through a set 
of specimens or pictures to find which it 
matches best or he determines it at sight 
by memory of material seen before, then 
he follows the Type-method. H. W. B. 
Joseph in his Introduction to Logic (1916) 
has shown how “the problem of distin- 
guishing between essence and property in 
regard to organic kinds can be declared 
insoluble” and that “for definition such as 
we have it in geometry, we must substi- 
tute classification,” concluding that “a 
type classification attempts to establish 
types” and “it will be the description of 
the type, drawn up on such principles as 
these [already enunciated] that will serve 
for definition.” The relevance of this to 
biological taxonomy has been pointed out 
by Cain (1958). We must be careful in 
considering these matters to remember 
that the word “type” as used in formal 
nomenclature, in morphology, and in logic 
has not completely coincidental meanings 
and applications. Without going any 
deeper into this question it seems safe to 
say “that within every main entry in the 
Species Plantarum, as in the Genera Plan- 
tarum and also the Systema Naturae, 10th 
ed., there is, or was at some stage of its 
development, a tangible element, either an 
illustration or a specimen, with which his 
strong visual memory could associate 
other material” (cf. Stearn, 1957) and 
that Linnaeus regarded this element as 
exhibiting the characteristic features and 
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qualities of the concept involved. His 
taxa never began as abstract concepts 
based simply on analysis of descriptions 
in the literature. 


Division of Linnaean Genera 


Typification is important because later 
workers have often found Linnaeus’s con- 
cepts of genera and of species too compre- 
hensive. Thus his four species of Fulica 
already mentioned are now put in as many 
genera: 


1. Fulica atra, the coot=lectotype of 
the genus Fulica. 

2. Fulica chloropus, the moorhen=Gal- 
linula chloropus. 

3. Fulica porphyrio, the purple coot= 
Porphyrio porphyrio. 

4. Fulica spinosa, the Middle American 
jacana=Jacana spinosa. 


The same process has happened in bot- 
any. Thus the 13 species recognized by 
Linnaeus in his genus Bignonia are now 
referred to 15 genera (cf. Sprague, 1922)! 
However the interests of science are some- 
times better served by bringing a diver- 
sity of species with certain common char- 
acters together under the same generic 
heading than by separating them under 
many small genera. 


Linnaeus’s Contributions to Systematic 
Biology 


The deficiencies of Linnaeus’s work are, 
of course, painfully evident to anyone 
assessing his work against modern knowl- 
edge. It can only be properly understood 
against the needs of his time. Even so 
some features of the Linnaean method 
retain their value. Among them may be 
noted: 


(1) the orderly clear arrangement of 
material and the uniformity of 
style; 

the precision of terminology con- 
sistent to the knowledge of the 
time; this involved the introduction 
of new terms and the redefinition 
of old ones (cf. Stearn, 1955); 


(2) 


(3) the use of an international lap. 
guage, Latin, and an internationaj 
binomial nomenclature for species 
based upon it; 

(4) its world-wide scope. 


All these features concern matters very 
relevant to the biological sciences today 
with their immense expanding literature: 
the Referat:vnii Zhurnal (Moscow) in 
1957 carried abstracts of 103,445 articles 
relating to the biological sciences alone! 
Linnaeus’s contributions to systematic 
biology were thus something more than 
the mere publication of so many new 
names for plants and animals. He could 
not have published these names and per- 
suaded the world to accept them and his 
system of naming unless he had first de. 
veloped a method of recording conven- 
iently the salient distinguishing features 
of the organisms concerned and applied 
it successfully to all the organisms then 
known. And in turn he could not have 
done that unless he had first developed 
efficient ways of work and economical 
clear methods of summary and _ publica- 
tion. Admittedly the basic logic and phi- 
losophy were not of his invention, for 
they were part of the scholastic heritage 
of Europe. Admittedly most of his ma- 
terial came from others; he owed no small 
part of it to the overseas expansion, the 
colonization, trade, and imperialism, of 
the Dutch and the British peoples. Never- 
theless all this he turned to good use, 
thereby providing not only a foundation 
on which other men could build, but stim- 
ulating them to further exploration and 
research. Thus one can link Linnaeus 
through his student Solander and the 
Forsters to Humboldt and the founding 
of biogeography, through Solander, Robert 
Brown, and Humboldt to Darwin, J. D. 
Hooker, Huxley, Wallace, and the estab- 
lishment of the theory of evolution. Lin- 
naeus carried on a tradition in taxonomy 
derived from the English naturalist John 
Ray and modern systematists carry on a 
tradition derived from them both. By 
summarizing what was known they made 
it easier for others to investigate the un- 





BACK' 


know 
achie 
great 
try a 
fittin 
anni’ 
Zool 
grou 





LOGY 


‘ional 
ECies 


very 
loday 
ture: 
’) in 
ticles 
ne! 

matic 
than 
new 
could 
 per- 
d his 
it de. 
1ven- 
tures 
plied 
then 
have 
loped 
mical 
Dlica- 
| phi- 
, for 
itage 
; ma- 
small 
, the 
n, of 
ever- 
use, 
ation 
stim- 
and 
1aeus 
| the 
\ding 
obert 


stab- 
Lin- 
1omy 
John 
on a 
By 
made 
2 un- 





BACKGROUND OF LINNAEUS’S CONTRIBUTIONS 


21 





known. These two men of humble origin 
achieved what they did because they had 
great ability associated with great indus- 
try and intense inner conviction. It seems 
fitting that on the celebration of its tenth 
anniversary the Society of Systematic 
Zoology should be reminded of this back- 
ground to its studies. 
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The Status of Botanical 


Nomenclature 


HE present status of botanical no- 

menclature is—in brief—the general 
acceptance by botanists of a code of rules. 
I make this apparently meaningless state- 
ment only to emphasize that in the recent 
past various botanists have adhered to 
various codes or to no code at all. Botan- 
ical nomenclature has attained its present 
status through a series of conflicts and 
compromises. There have always been 
and perhaps always will be dissidents to 
whom the idea of law agreed upon by a 
majority smells of authority exerted by a 
dictator. But our current code seems in 
the main satisfactory to plant taxono- 
mists. 

The International Code of Botanical 
Nomenclature begins with a “Preamble” 
which is followed by a set of “Principles”; 
on these the rules and our interpretation 
of them are based. The rules themselves 
form 75 Articles, which are retroactive 
except when otherwise qualified. The Ar- 
ticles are grouped under such headings 
as “Ranks of Taxa”; “Priority”; “Limita- 
tion of Priority” (which refers to starting- 
points and conservation); “Effective and 
Valid Publication”; “Retention, Choice, 
and Rejection of Names” including “Re- 


H. W. RICKETT 


tention of Names or Epithets of Taxa 
which are Remodeled,” “Choice of Names 
when Taxa of the Same Rank are United,” 
and so forth; and finally “Orthography and 
Gender of Names.” Many of the Articles 
are followed by Recommendations, which 
are not prescriptive like the Articles but 
certainly express the usage that botanists 
are expected to follow. Both Articles and 
Recommendations are followed by illus- 
trative examples. In practice, application 
of the Code is held to be automatic: every 
botanist is expected to be his own police- 
man, jury, and judge (with certain excep- 
tions to be mentioned later). The Code 
also contains provisions for its modifica- 
tion, and several Appendices which in- 
clude the methods of naming hybrids, 
special provisions for the naming of fossil 
plants, and a guide to the selection of 
types. 

I shall not weary you by reading the 
provisions of the Code and adducing “case 
histories” to exemplify them. I propose to 
discuss briefly some of the principles ex- 
pressed in the introductory parts and to 
call attention to some surviving difficul- 
ties which result partly from the past his- 
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tory of botanical nomenclature and partly 
from changing methods in taxonomy. 

In the Preamble there is one statement 
that may be considered a principle: (1) 
that the purpose of naming a taxon is not 
to describe it but only to furnish a means 
of reference. Among the principles we 
may notice that (2) the application of 
names is determined by nomenclatural 
types; that (3) naming is based on pri- 
ority of publication; that (4) each taxo- 
nomic group can bear only one correct 
name (it is not here stated, but it is else- 
where implied, that each correct name can 
bear only one taxon). 


The Purpose of Names 


The purpose of giving a name to a taxon 
is not to describe it but only to furnish a 
means of reference. This apparently in- 
nocuous dictum conceals a revolution in 
nomenclature that began in the 18th 
century and is even yet not quite com- 
plete. To Linnaeus in 1753 (as the pre- 
vious speaker has made plain), the name 
of a species was first a descriptive phrase 
which began with the name of the genus 
and comprised a series of Latin nouns and 
adjectives. Priority did not matter: the 
name that best described the species, 
within certain limits, was the name that 
one should adopt. Linnaeus clearly recog- 
nized, in fact, the necessity of changing 
the name as additional specimens and 
knowledge of the species accumulated. 
The best name was usually, then, the most 
recent. That was one reason he gave for 
adding the “trivial name” (the specific 
epithet, in our language); it was arbi- 
trary, used only once in one genus, and 
unchanging. (We may digress a moment 
to glance at the difference between the 
naming of genera and the naming of 
species. A genus could have but one 
name, as in the modern Code.) Since then, 
as we all know, the binomial means of 
reference has completely supplanted the 
polynomial description. It is recom- 
mended in our Code that the specific epi- 
thet designate some outstanding charac- 


teristic of the species, or its native place; 
but this is not mandatory, and such epi- 
thets as “canadensis,” “annuus,” and “hir- 
sutus,” while certainly descriptive, are 
really very little if at all more useful in 
the recognition of species than epithets 
that commemorate persons or those that 
are based on vernacular names. 

Many names of genera are personal 
names of gods, goddesses, and lesser di- 
vinities including botanists and their 
friends: certainly means of reference 
rather than descriptions. Others describe 
some aspect of the genus: Campanula, 


‘ Stachys, Hystriz; but such description as 


is possible in a single word is rarely im- 
portant in the recognition of the genus. 
We may say, therefore, that all generic 
names conform to the stated purpose of 
botanical naming: they are means of ref- 
erence, not descriptions. 

But in the names of higher groups we 
encounter contradictions. The earliest 
names of families were made in two ways 
which reflect the difference between the 
two kinds of specific names mentioned 
above. In Antoine Laurent de Jussieu’s 
work (1789), for instance, we find purely 
descriptive names of families (“orders” 
of that time), as Cruciferae or cross-bear- 
ers and Umbelliferae or umbrella-carriers, 
beside such names as Caryophylleae, Ro- 
saceae, and the rest. These latter names 
are also fundamentally descriptive, mean- 
ing “rose-like plants” and so forth. But 
since they do not specify the characteris- 
tics in which their genera resemble a rose 
or whatever they are compared to, they 
have easily become at our hands merely 
names of families typified by Rosa and 
other genera: means of reference rather 
than descriptive appellations. The vast 
majority of our familial names are of this 
kind, the ending -aceae being now pre- 
scribed, but we still permit the use of a 
few of the other sort, as alternatives: a 
curious survival. Much the same applies 
to names of orders, which must all be 
formed from familial names with the end- 
ing replaced by -ales. But a few botanists, 
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ignoring the rules, are still using such de- 
scriptive names as Tubiflorae and Per- 
sonales. 

When we come to names of classes and 
divisions we leave the realm of rule for 
that of fancy. Priority and typification no 
longer apply. The bases of distinction of 
these taxa have shifted from generation to 
generation as botanists were impressed by 
new morphological discoveries. We have 
distinguished large groups by one or a 
few characteristics, such as the occurrence 
of archegonia or tracheids, and have 
named them Archegoniatae, Tracheo- 
phyta. As long as our classification in this 
region is analytic rather than synthetic, 
and our names descriptive rather than 
means of reference, so long shall we floun- 
der in these nomenclatural bogs. In fact 
this is not really nomenclature at all, but 
the vestiges of that scholarly language of 
description whose decline has been de- 
plored by the previous speaker. It remains 
a subject for speculation whether we shall 
ever be able to put this attic of our no- 
menclatural structure in order. Perhaps 
it does not matter. 


The Type Method 


The application of names of taxonomic 
groups is determined by means of nomen- 
clatural types. This statement represents, 
as most taxonomists know, a major dis- 
junction between the old and the new, and 
one to which the new has not completely 
adjusted itself. The word “type” was used 
very early—nearly 150 years ago, by Ra- 
finesque and by Cassini, for example. But 
in those times it signified, apparently, 
something like the “true” or “typical” 
species of a genus. It was representative 
and an aid to recognition. (It is of course 
true that in Rafinesque’s mind it may have 
had a nomenclatural connotation, but this 
was never defined.) This concept of type 
lingered on even among the American 
founders of the modern type method, who 
spoke of the type as what the author of a 
name had “chiefly in mind” when he de- 
scribed a new taxon. But now the type 


is only “that constituent element to which 
the name of a taxon is permanently at. 
tached...” “It is not necessarily the 
most typical or representative element 
...”’2 Of course it is desirable that it 
should be, and the directions for selecting 
a type are based on correspondence with 
the description. But it has happened that 
a nomenclatural type has turned out not 
to be “typical” of the population to which 
the name was applied, and its usefulness 
is not thereby impaired. The word type 
is unfortunate. One still finds botanists 
who think that the importance of the type 
is as an aid to identification. It may in- 
deed be that; but it is primarily as an aid 
to naming. If you have a specimen to 
name, that is to associate with an existing 
name, you must associate it with a type, 
usually a specimen; how closely it must 
match the type depends on your taxo- 
nomic judgment. It is of the utmost impor- 
tance to realize this distinction between 
taxonomy and nomenclature. In the last 
analysis the type is a nomenclatural de- 
vice, its chief purpose to provide for sta- 
bility of the nomenclatural vessel in the 
often turbulent seas of taxonomy. Con- 
cepts of taxa are enlarged, reduced, modi- 
fied; their ranks are changed; they are 
merged and split; but each botanical name 
(or epithet) is tied to a designated speci- 
men or subordinate taxon, which it follows 
around like a little dog on a leash through 
all the perambulations of its master. This 
attachment is of the utmost importance in 
clarifying nomenclature, but has no direct 
bearing on taxonomy. 

It has been difficult, without writing a 
complete new code, to bring the old rules 
of nomenclature (first formulated in 1867) 
into complete harmony with the type 
method. Previously the use of a name de- 
pended on its “circumscription,” that is 
on the limits of variation indicated by the 
description associated with the name; and 
this word, with its taxonomic implications, 
is still to be found in the current Code. To 
say that “an alteration of . . . the circum- 


1 The italic is mine. 
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sription of a taxon does not warrant a 
change in the name” is clearly superfluous 
under the type method. As long as a bot- 
anist considers a taxon to include the same 
type, its name cannot change; if it does 
not include that type, it cannot bear that 
name (except by legislative action). In 
either case, circumscription has nothing 
to do with the nomenclature. In the list 
of nomina conservanda, a generic name 
was often conserved “in part” and perhaps 
rejected in two pieces. Under the type 
method this is impossible, and a revision 
of the list is in preparation which corrects 
this relic of an older concept of nomen- 
clature. These are the most glaring ex- 
amples of the persistence of “circum- 
scription”; there are others. 


Priority 


In general, the naming of taxonomic 
groups is based on priority of publication; 
ie, When names compete for a taxon, the 
earlier is to be accepted, providing vari- 
ous technical requirements are met. The 
starting-point of botanical nomenclature 
is the publication of Linnaeus’ Species 
plantarum in 1753; names published be- 
fore that date have no status for purposes 
of priority. Establishment of this date has 
been the origin of some of the divergent 
codes of the past; Otto Kuntze proposed 
1737 as the starting-point for genera; Joel 
Lunell went back to Theophrastus. Cer- 
tain groups of cryptogams have special 
starting-points later than 1753, and some 
of these, again, have been the subjects of 
controversy. Finally for all groups of 
plants certain names are exempted from 
the priority principle. It was decided in 
1905 (unfortunately as it seems to me) 
that strict application of the principle was 
inexpedient, since a number of then famil- 
iar generic names would be antedated by 
less-known names. So the practice of con- 
servation was begun, the maintenance of 
Names as exceptions to the rules and es- 
pecially as exceptions to the principle of 
priority. This was adopted only for names 
of genera. There are now some 900 con- 


served generic names. A long list of fam- 
ily names is to be proposed for conser- 
vation. And for some years there has been 
strong and unrelenting pressure for the 
conservation of certain specific names. 

From the first, botanists must have felt 
averse to unrestrained conservation. The 
original generic names proposed for this 
treatment were those “in common use or 
of economic importance”; and conserva- 
tion of subsequently proposed names has 
not been lightly effected, but only after 
each has been subjected to study by a 
special committee. There is such a com- 
mittee for each major division of the plant 
kingdom. The committees are appointed 
by an International Botanical Congress, 
their tenure lasting until the succeeding 
Congress. Their recommendations are sub- 
mitted to a General Committee for Nomen- 
clature, appointed in the same way and 
for the same period. The General Com- 
mittee, in turn, approves or disapproves 
the conclusions of the special committees 
and submits its recommendations to the 
Congress, which has the final decision. 
The names so conserved are included in 
an Appendix of the next following edition 
of the Code. 

The number of names conserved has 
grown far beyond anything imagined in 
1905—tenfold, in fact—and the time de- 
voted to studying proposals has been a 
heavy burden on a small group of bota- 
nists. In fact, the list of conserved generic 
names is largely a monument to the de- 
voted labors of this group; it is probably 
longer than it would have been if the 
process had been easier. The extensive 
bibliographic research involved in con- 
sidering each proposal has obscured the 
real reason for conservation, and the latter 
has followed as a matter of course when 
the study was completed, so as not to 
waste the effort, as it were. Many names 
have thus been conserved whose abandon- 
ment would have worked no great hard- 
ship on any one. A more efficient method 
of screening proposals before extensive 
study was undertaken might have avoided 
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much needless conservation. It is also 
true that more than 10 per cent of the 
generic names that have been conserved 
need not have been conserved to be main- 
tained under present rules. This is at least 
heartening, as showing that the changes 
in the past few editions of the Code seem 
to have been in the direction of stabiliz- 
ing generally accepted names. 

But the experience with generic names 
is perhaps the chief deterrent to the con- 
servation of specific names. The proposal 
to treat familiar specific names in this 
way, especially names of economically im- 
portant plants, against obscure names 
found to antedate them and against other 
consequences of the application of the 
rules, has been several times rejected by 
International Botanical Congresses. The 
pressure to conserve comes chiefly from 
foresters, agronomists, horticulturists, and 
others who are not taxonomists but who 
use the names given by taxonomists. They 
are naturally perplexed and resentful at 
frequent changes of names of common 
plants. They do not always realize, how- 
ever, the distinction between purely no- 
menclatural and taxonomic changes. 
When additional knowledge induces us to 
merge two genera in one or to divide one 
into two, or to shift a species from one 
genus to another, nomenclatural changes 
are inevitable and no code of rules can 
avoid them. Specific names, consisting as 
they do of two words, are particularly sub- 
ject to such changes. We cannot conserve 
names against the progress of science. The 
best we can do is to conserve some names 
against the consequences of applying the 
nomenclatural rules; and for specific 
names this may concern only the epithets, 
not the binomials. Such conservation will 
probably not entirely satisfy those who 
want and expect “fixity of names.” More- 
over to attempt to achieve stability by 
rejecting older and unfamiliar names in- 
stead of by conserving the familiar names 
will not yield the desired result. Some 
well-known and much-used specific names 
are threatened by other rules than that 
of the priority principle. 


This will certainly be the most contro. 
versial nomenclatural matter discussed at 
the impending International Botanica 
Congress at Montreal. Many taxonomists 
will agree that the names that they bestow 
upon species should be useful to others 
than themselves, that everything possible 
should be done to stabilize the names that 
others besides themselves must use. But 
the problems involved do not admit of an 
easy solution. Perhaps we can devise a 
method of conservation of specific epithets 
that includes a built-in provision to pre- 
vent its use except for very urgent cases: 


Postscript 


Finally it may be instructive to call at- 
tention to one other statement in the Code 
which seems to me a very curious one, 
This is in Article 2, which says that 
“Every plant is treated as belonging toa 
number of taxa of consecutively subordi- 
nate ranks, among which the rank of spe- 
cies is basic.”* It is to the last clause 
that I direct your attention. In what sense 
is the rank of species basic? It is certainly 
not the lowest rank recognized, on which 
all others are based. Perhaps it is basic in 
that species are usually typified by actual 
specimens of plants, whereas genera and 
taxa of higher rank are typified by sub- 
ordinate taxa. Perhaps the method of 
naming species has something to do with 
the peculiar sanctity attached to that 
rank. Species and taxa of lower rank are 
named by more than one word, superior 
taxa by single words. But I doubt whether 
the statement in the Code refers to such 
distinctions, important as they are. lt 
seems rather to imply that a species is in 
some way more “real” than taxa of other 
categories. It was to Linnaeus—and it is 
my contention that this clause is precisely 
a survival from the 18th century; it is 


2Since the above was submitted to the 
editor, the Congress has been held, this sub- 
ject has been debated, and a decision taken. 
All proposals to conserve specific names were 
again rejected; but a way was left open for 
further consideration. 

3 The italic is mine. 
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pre-Darwinian! With this view I am 
aware that some of my colleagues will not 
agree. There are still those who say with 
Linnaeus (but presumably for different 
reasons) that species are objective but 
genera subjective. Certainly the impact of 
cytology and genetics upon taxonomy has 
demonstrated the real existence of the 
varied and complex populations of plants 
which we designate as forms, varieties, 
subspecies, and species. We can no longer 
maintain, with Linnaeus, that species 
represent the design of the Creator while 
subordinate groups are vague, imperma- 
nent, often hybrid things. But the same 
considerations apply also to genera. We 
know of stable and unstable, intersterile 
and interfertile groups of all ranks up to 
and including genera. If species are real 


populations of plants, then genera, which 
are composed of the same plants but in- 
clude a larger range of differences, are 
also real populations. This, however, is 
straying from nomenclature into biology. 
I should guess that the statement in the 
Code has persisted, not through any un- 
conscious revolt against Darwin, but be- 
cause botanists in the field are concerned 
chiefly with species and are less certain of 
their organization into genera. (But the 
same difficulties exist when species are 
compared with varieties!) In any case, if 
the category species is basic, it must be so 
in nomenclature, and in what way this is 
true is not explained nor can I discern. 

H. W. RICKETT of The New York Botanical 


Garden is an outstanding authority on the 
status of botanical nomenclature. 


The International Code of 
Nomenclature of the 
Bacteria and Viruses’ 


Introductory 


HE Society of Systematic Zoology has 

graciously invited representatives of 
the two other biological disciplines, bot- 
any and bacteriology, to participate in this 
symposium which recognizes the two- 
hundredth anniversary of the publication 
of the tenth edition of Carl von Linné’s 
Systema Naturae accepted by zoologists 
as the official starting point for the naming 
of animals. The Bradley draft of the Zoo- 
logical Code states: “The tenth edition of 
the Systema Naturae of Linnaeus, 1758, 
isthe work which inaugurated the consist- 


1Journal Paper No. J3581 of the Iowa 
Agricultural and Home Economics Experi- 
ment Station, Ames, Iowa. Project No. 151. 


R. E. BUCHANAN 


ent application of binomial nomencla- 
ture in zoology.” It should be noted that 
this edition in fact consisted of two vol- 
umes, the first of these, with the subtitle 
“Animalia,” was published in 1758, the 
second volume, published in 1759, had the 
subtitle “Vegetabile”’ and constituted in 
fact an unrecognized edition of Species 
Plantarum. 


History of the Code 


The need for an International Code of 
Nomenclature for the bacteria and viruses 
has been questioned on occasion by bot- 
anists, sometimes by zoologists. Inasmuch 
as the bacteria constitute only a small seg- 
ment of the plant kingdom, why should 
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bacteriologists not accept and follow the 
Botanical Code? There were several co- 
gent reasons. Perhaps most important, 
the attempt was quite seriously made, but 
it failed. The criteria used to diagnose and 
distinguish the bacterial taxa must in- 
clude many groups of characters rarely 
recognized in the classification of higher 
plants or in the botanical code, certainly 
not until recently. Among these dis- 
tinguishing criteria used by the bacteri- 
ologist are physiology, biochemistry, ecol- 
ogy, serology, pathology, cultural and 
other characters as well as gross morphol- 
ogy. Taxonomic botanists and zoologists 
have depended largely upon herbaria and 
exsiccati, and museums of dead plants and 
animals which all agree are essential. But 
the bacteriologist (as well as other micro- 
biologists) must in general deal with the 
living cells of microorganisms usually 
maintained on culture media or, in the 
case of obligate parasites, on or in living 
host cells. The development of the Bo- 
tanical Code was from the beginning 
much influenced by the problems encoun- 
tered by botanists interested in vascular 
plants; the fact that the bacteria, the lower 
fungi, and algae required special provi- 
sions was not early recognized. However, 
because of the very great economic signifi- 
cance of the bacteria, because of their im- 
pact upon human and veterinary medi- 
cine, public health, sanitary engineering, 
agriculture, biochemistry, food technol- 
ogy, zoopathology, phytopathology, zymo- 
technology, pharmacology, nutrition, and 
many other fields and disciplines, and be- 
cause the organisms in question rarely 
had accepted vernacular names, the use 
of the scientific names of the taxa of bac- 
teria became standard practice in many 
professions and scientific fields not pri- 
marily concerned with taxonomy and no- 
menclature. 

Before discussing what is to be found in 
the Bacteriological Code and how it de- 
veloped we should note the objectives of 
this code as formulated by those who par- 
ticipated in its compilation. Prominent 


among these objectives were the fg. 
lowing: 

1. A clear codification of the rules ang 
recommendations of bacteriological no. 
menclature to insure that: 


a. They may be used effectively by the 
professional taxonomist in putting jp 
order the nomenclature of the past, 

b. They may be used effectively by 
those not professional taxonomists in de. 
termining validity of publication, legiti. 
macy and correctness of the names of the 
taxa they use, 

c. They may be used effectively in 
forming names of new taxa and of new 
combinations. 


2. The inclusion of annotations some. 
what non-technical in wording to assist 
in the interpretation and use of the rules 
and recommendations. 

3. A clear outline of the nature and 
functions of the international organiza- 
tions that have to do with bacteriological 
nomenclature. 


It will be apparent in the course of this 
presentation that there is a rather marked 
difference in point of view between many 
(not all) botanists and zoologists on the 
one hand and bacteriologists on the other. 
In bacteriology we look with much favor 
upon such assistance as will help the be. 
ginner toward nomenclatural literacy in 
word derivation and grammar by inclu- 
sion of annotations and appendices. Many 
biologists have insisted upon the short- 
ening of the several codes by exclusion of 
such material as not strictly pertinent, and 
recommend that explanatory matter in 
general should be handled quite unoffi- 
cially by experts in separate volumes. We 
in bacteriology have believed that much 
of such material should be included within 
the covers of the published code. 

The course of development of the disci- 
pline of bacteriology, its present status 
and its need for a special code of nomet- 
clature can be understood only through 
some knowledge of the history of the sci- 
ence. Fifteen years after the publication 
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of the tenth edition of Systema Naturae 
and twenty years after the publication of 
Species Plantarum, the first bacteria were 
described, named, classified and placed in 
the Regnum Animale. During the next 
hundred years many species of bacteria 
were described as protozoa. However, 
some bacteria in the period of 150-125 
years ago were named, described and 
placed in the plant kingdom, in some cases 
with the fungi, in other cases with the 
algae. Less than one hundred years ago 
the status of bacteria as plants was recog- 
nized. Since the bacteria have been ac- 
cepted as plants, there is agreement that 
later homonyms are illegitimate in the 
plant kingdom. But the situation with 
reference to zoology is not entirely satis- 
factory. The wide use of the names of 
bacterial and protozoan taxa in the litera- 
ture of medicine, nutrition, and many 
other fields would seem to argue for mini- 
mizing confusion by some reconsideration 
of the problem of homonymy among the 
protists. One of the rules proposed by 
Linnaeus in his Critica Botanica (1737) 
may be paraphrased as follows: 


Generic names should not be duplicated 
in botany and zoology; where this has 
been done the homonym to be accepted 
is that having publication priority. 


The current botanical and zoological 
codes, in effect, nullify the Linnaean pre- 
cept by reducing it to the status of a rec- 
ommendation frequently not observed. 
Among the reasons that the bacteriol- 
ogists have favored a separate code of no- 
menclature is the fact that the techniques 
developed largely in the bacteriological 
laboratory have been found to be essential 
and applicable in mycology, in phycology, 
and in protozoology. The bacteriologist 
found that he was operating a microbio- 
logical laboratory, not merely one in bac- 
teriology; he was studying the living 
microfungi, the microalgae, and the pro- 
tozoa as well as the bacteria. For the algae 
and fungi he must use the botanical code, 
for the protozoa the zoological code, but 





for the bacteria he found neither code 
completely satisfactory. 

The beginnings of the Bacteriological 
Code date from the consideration of some 
of the special problems of bacteriological 
nomenclature at the first International 
Microbiological Congress held in Paris in 
1930. Upon request from several of the 
delegates, an ad hoc Committee (Commis- 
sion) on Nomenclature and Taxonomy 
was appointed. Several resolutions pre- 
pared by this Commission were approved 
unanimously by the Plenary Session. Two 
of these are of historical importance; they 
deserve quotation. 


1. The founding of the International So- 
ciety for Microbiology and the establish- 
ment of the Congresses of Microbiology 
make possible for the first time adequate 
international cooperation relative to cer- 
tain problems of microbial nomenclature. 
It is clearly recognized that the living 
forms with which the microbiologists con- 
cern themselves are in part plants, in part 
animals, and in part primitive. It is 
further recognized that insofar as they 
may be applicable and appropriate the 
nomenclatural codes agreed upon by in- 
ternational Congresses of Botany and 
Zoology should be followed in the naming 
of microorganisms. Bearing in mind, how- 
ever, the peculiarly independent course 
of development that bacteriology has 
taken in the past fifty years and elabora- 
tion of special descriptive criteria which 
bacteriologists have of necessity devel- 
oped, it is the opinion of the International 
Society for Microbiology that the bacteria 
constitute a group for which special ar- 
rangements are necessary. Therefore, the 
International Society for Microbiology has 
decided to consider the subject of Bacte- 
rial Nomenclature as part of its perma- 
nent program. 

2. The International Society for Micro- 
biology is of the opinion that the interests 
of bacterial nomenclature will best be 
served by placing the subject in the hands 
of a single International Committee, un- 
der the aegis of the International Society 
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for Microbiology, adequately representa- 
tive of all departments of Bacteriology, on 
which experts from all spheres of bacteri- 
ological research may work together. It 
is recognized that the subject of bacterial 
nomenclature is of so wide a nature that 
unless the personnel of an International 
Committee formed to deal with it is repre- 
sentative of all aspects of bacteriology, it 
is not likely to carry weight. Such a rep- 
resentative committee, to be called the 
Nomenclature Committee for the Interna- 
tional Society for Microbiology, is hereby 
authorized and constituted. 


The organization of a permanent Inter- 
national Committee on Bacterial Nomen- 
clature was approved and consummated. 
It included two permanent secretaries, 
one primarily to represent medical and 
veterinary bacteriology and one to repre- 
sent other phases of bacteriology. Mem- 
bers of this International Committee were 
to be chosen (now nominated) by the sev- 
eral national microbiological societies. 
This International Committee has been in 
existence and has functioned for the past 
28 years. At present it has representa- 
tives chosen by the microbiological soci- 
eties of 32 countries, and includes 97 
members. 

On the assumption that bacteria as 
plants should be governed by the Botani- 
cal Code, two recommendations were 
made to the Section on Taxonomy of the 
International Botanical Congress held at 
Cambridge in 1930. One was to exempt 
the nomenclature of bacteria from the rule 
requiring descriptions of new taxa to be 
in Latin, the other was to fix the date 
1753 as the “date of departure” for no- 
menclature of bacteria. Both recommen- 
dations were approved. Cooperation was 
off to a good start. 

At the Second Microbiological Congress 
(London, 1936) it became clear that the 
modifications in the Botanical Code to 
meet the needs in microbiology could not 
readily be arranged. Botanists were not 
ready to recognize differentiating criteria 
regarded as essential by the bacteriolo- 


gists. In consequence, several provisions 
not in agreement with the Botanical Code 
were approved. It was further provided 
that before the next (third) Microbiologi- 
cal Congress an ad hoc committee should 
be constituted and be asked to draft a 
tentative Bacteriological Code of Nomen. 
clature. This special committee made 
careful comparisons of the rules in zool- 
ogy and botany and those of the American 
Code of Entomological Nomenclature, pre. 
pared a draft of a bacteriological code, and 
submitted it to a group of specialists, 
More than thirty collaborated and made 
suggestions. While based upon the Bo- 
tanical Code, the draft code differed from 
it in format, in the elimination of all rules 
and recommendations having no applica- 
tion in bacteriology, by simplification 
where possible through rephrasing, by 
substitution of examples from the field of 
bacteriology. 

The Draft Code was considered by the 
Committee on Nomenclature at the third 
International Congress held in New York 
(1939). Approval was given to its publi- 
cation for international consideration and 
testing, and final approval deferred to the 
time of meeting of the fourth Congress, 
To facilitate progress between meetings 
of the International Committee, an execu- 
tive committee to be termed the “Judicial 
Commission” was authorized. This Com- 
mission included the two permanent sec- 
retaries and twelve members of the 
International Committee elected by the 
Committee. Among the duties of the Ju- 
dicial Commission was editing of the draft 
code for consideration at the next Inter- 
national Congress. 

The proposed (draft) Bacteriological 
Code of Nomenclature as authorized by 
the Third International Congress was 
printed in June, 1947, in a limited edition 
for distribution and for use at the Copen- 
hagen Congress in September, 1947. After 
consideration and revision, the Code was 
approved for publication by the Judicial 
Commission, by the International Com- 
mittee and by the Plenary Session of this 
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Congress. The basic English text was pub- 
jished in the Journal of Bacteriology 
(1947) and by the Journal of General 
Microbiology. Unofficial translations were 
published in French, German, Spanish, 
and Japanese. 

At the meeting of the Fifth Interna- 

tional Microbiological Congress at Rio de 
Janeiro (1950) a Board of Editors, con- 
sisting of the Chairman of the Judicial 
Commission and two permanent secretar- 
ies, was established, the publication of 
the quarterly “International Bulletin of 
Bacteriological Nomenclature and Taxon- 
omy” authorized, and the Judicial Com- 
mission instructed to formulate such 
amendments to the Code as seemed de- 
sirable in preparation for the Sixth Con- 
gress. 
At the Sixth Congress (1953) at Rome, 
revision of the Code was completed, and 
publication in book form of an annotated 
International Code of Nomenclature of the 
Bacteria and Viruses authorized, to in- 
clude all Opinions issued by the Judicial 
Commission and the several appendices 
designed to be of assistance in coining 
new names. The editing and preparation 
of the annotations proved time-consum- 
ing. The final publication date was June 
10, 1958. 

The Code was reviewed at the Stock- 
holm (1958) Congress where it was de- 
cided to postpone consideration of all 
emendations and revisions to the eighth 
Congress to be held at Montreal in 1962. 
It is hoped that when reprinted the Code 
May appear in several languages other 
than English. 


Organization of the Bacteriological Code 


The bacteriological code is somewhat 
shorter than that of botany and much 
shorter than the Bradley draft code of 
zoology considered at London. Dr. Brad- 
ley in his organization of the draft code 
accomplished what had seemed to be im- 
possible, the incorporation and organiza- 
tion of the content of the previous codes, 
with the actions and directives of con- 
gresses and commissions. The task was 


admirably completed. Nothing in the fol- 
lowing remarks is to be regarded as criti- 
cism of this work; he perforce followed 
directives of which we in some cases may 
be somewhat critical. There is no reason 
why a code should be necessarily criti- 
cized because of length or brevity. How- 
ever, a statement as to relative length of 
the three codes was given at the Zoolog- 
ical Colloquium on Nomenclature and was 
not corrected in the Minutes. It was an- 
nounced that the botanical code was the 
shortest, the bacteriological code the long- 
est, and that the Bradley draft of the Zoo- 
logical Code was intermediate in length. 
A challenge to the statement did not lead 
to a correction. The facts are that the 
Bradley draft is about 2200 equivalent 
lines in length, the botanical code 984, 
and the bacteriological code 845. The 
Bradley draft is about two and one half 
times as long as either of the others. This 
statement is interpolated simply to set 
the record straight. 

The Bacteriological Code has four chap- 
ters: General Considerations, numbering 
three, constitute the first chapter; Prin- 
ciples, twelve in number, the second; 
seven sections including twenty-eight 
rules and forty recommendations, the 
third; Provisions for modification and 
amendment of the Code and for the or- 
ganization and functioning of the Inter- 
national Committee on Bacteriological 
Nomenclature and its Judicial Commis- 
sion, the fourth. The several items of each 
of the chapters are annotated. These an- 
notations are quite unofficial. They are 
intended to be helpful in the interpreta- 
tion of the Rules and Recommendations, 
by giving examples and by noting the cor- 
responding regulations of the botanical 
and zoological codes. 

The three disciplines, botany, zoology, 
and bacteriology, are organized interna- 
tionally and nomenclaturally on some- 
what different bases. Nomenclatural Bac- 
teriology has the following international 
organization: 


1. The International Association of Mi- 
crobiological Societies (1.A.M.S.). The 
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governing body is made up of representa- 
tives of a microbiological society of the 
various participating nations as official 
voting delegates. An Executive Commit- 
tee functions during the intervals between 
international congresses, and is responsi- 
ble for their organization. It is also a sec- 
tion of the International Union of Biologi- 
cal Sciences. It authorizes the several 
continuing committees, in particular the 
International Committee on Bacteriologi- 
cal Nomenclature and its Judicial Com- 
mission and the several Subcommittees on 
Taxonomy. 

2. The International Committee on Bac- 
teriological Nomenclature. This was au- 
thorized by the first International Micro- 
biological Congress, Paris, 1930, and its 
first members were designated by the 
Congress. It now includes not more than 
five microbiologists from each nation de- 
siring representation, nominated by a Na- 
tional Microbiological Society. Member- 
ship is active upon nomination but pro- 
visional until election by the Interna- 
tional Committee and confirmation by the 
plenary session of the next International 
Congress. 


Officers: Chairman; Vice Chairman; two 
joint permanent secretaries. 


Functions: These are detailed under 
Provision 4 of the Code. Important are: 


to hold meetings at the place and time 
of meeting of each International Con- 
gress, to consider and pass upon all rec- 
ommendations from the Judicial Commis- 
sion relative to the Bacteriological Code, 
to review all Opinions issued by the Ju- 
dicial Commission, to authorize or appoint 
subcommittees on the taxonomy of spe- 
cial groups of microorganisms, to refer 
problems of nomenclature to the Judicial 
Commission, and to nominate Permanent 
Secretaries when vacancies occur and to 
elect members of the Judicial Commis- 
sion. 


3. The Judicial Commission of the In- 
ternational Committee on Bacteriological 
Nomenclature. This Commission was au- 


thorized by the third International Micro. 
biological Congress in New York (1939), 

Membership: The two permanent secre. 
taries of the International Committee as 
voting members and twelve members of 
the International Committee elected by 
this committee. Divided into three classes 
of four each, one class retiring at each In. 
ternational Congress of Microbiology. 

Officers: Chairman; Vice Chairman; two 
permanent secretaries. 

Functions: Fourteen paragraphs of the 
Code are devoted to the functions of the 
Judicial Commission. The Judicial Com- 
mission acts as the Executive Committee 
of the Committee, it issues OPINIONS 
when requested, it initiates consideration 
of requests for emendation of the Code, it 
assigns names of taxa to lists of nomina 
conservanda and nomina rejicienda, it is 
directed to cooperate actively with No- 
menclatural Commissions of other disci- 
plines, to edit and publish the Interna- 
tional Bulletin of Bacteriological Nomen- 
clature and Taxonomy, to edit and publish 
the International Code of Nomenclature, 
and to administer subventions to be used 
for the work of the International Commit- 
tee and the Commission including office 
expenses. 


The Bacteriological Code has four ap- 
pendices. The first of these illustrates the 
transliteration and Latinization of Greek 
words for use in the naming of taxa. The 
second discusses choice of spellings be- 
tween orthographic variants and between 
alternative spellings. The third gives the 
texts of the eighteen OPINIONS that have 
been rendered by the Judicial Commis- 
sion, and the fourth lists the conserved 
and rejected names of taxa. 

Perhaps one may state the two goals of 
the bacteriological code as the promotion 
of nomenclatural stability and of nomen- 
clatural literacy. It is recognized that not 
all biologists are agreed on recognition of 
nomenclatural literacy as an important 
objective of taxonomy and of nomencla- 
tural codes. One is sometimes amazed to 
note the extent to which illiteracy is con- 





LOGY 


ficro. 
939), 
secre. 
€e as 
Ts of 
d by 
asses 
h In. 


; two 


f the 
f the 
Com- 
Littee 
ONS 
ation 
de, it 
mina 
it is 
No- 
lisci- 
rna- 
men- 
dlish 
ture, 
used 
mit- 
\ffice 


"ap 
; the 
reek 
The 
be- 
yeen 
the 
lave 
mis- 
ved 


s of 
tion 


not 
1 of 
‘ant 
cla- 
1 to 
on- 





CODE OF BACTERIA AND VIRUSES 


33 





doned, even legalized, when there is ap- 
parent conflict between correct word for- 
mation and priority in the spelling of the 
name of a taxon. Biological Latin as spe- 
cified in all the codes of nomenclature is 
apparently quite without meaning to some 
piologists; this leads to the formation of 
many nonsense words and the acceptance 
of many incorrect spellings. Witness, for 
example, the degree of approval given by 
the Zoological Colloquium on Nomencla- 
ture last summer to a proposal to change 
adjectives by fiat into nouns so that they 
may be used as specific epithets in the 
genitive to show some degree of relation- 
ship between species. 

This apparent advocacy of illiteracy in 
all of the codes is due in some measure to 
the inadequacy of clear statements as to 
good and proper methods of coining new 
names. For example, we recognize that 
Linnaeus was right when he said that the 
best names for genera are those derived 
from the Greek; in fact, a large proportion 
of such names are so derived. But none 
of the codes gives an adequate descrip- 
tion or directions as to how this should be 
done. None of the codes states clearly that 
in order to derive a suitable generic name 
from the Greek three steps are necessary. 
They are: 


1. Selection of one or more Greek nouns, 
adjectives, or prefixes that singly or when 
suitably combined are descriptive or ap- 
propriate. 

2. Transliteration of the Greek into 
Latin letters in accordance with well 
known and long formulated classic 
(Latin) tradition, including translitera- 
tion of diphthongs and of the spiritus 
asper. 

3. Latinization of the resultant word. 
Each of the codes states that the names of 
taxa are Latin or are to be treated as 
Latin. We might well assume that the 
codes mean what they say. The comple- 
tion of the Latinization of a word derived 
from the Greek means the placing of the 
word in the proper Latin declension and 
replacing unsuitable case and gender end- 
ings with the appropriate Latin endings. 


To illustrate the inadequacies of a pres- 
ent code may I quote one pertinent state- 
ment, Recommendation 73A of the Botan- 
ical Code: 


When a new name or epithet is to be 
derived from the Greek, the translitera- 
tion to Latin should conform to classical 
usage. The spiritus asper should be tran- 
scribed in Latin as the letter h. 


This is the sum total of the code assist- 
ance in Botany. Of what real help is this 
statement to the student seeking an intro- 
duction to botanical nomenclature? What 
is “classical usage?” It is clearly stated 
that the resultant word is to be Latin, but 
no hint is given that in addition to classi- 
cal transliteration it is necessary that the 
word should be Latinized by use of suit- 
able case endings, and in case of an ad- 
jective, by use of appropriate Latin gen- 
der endings. Explicit directions are given 
for formation of generic names from 
names of men and women with all the de- 
tails for their Latinization, but no ade- 
quate directions for the far more impor- 
tant Latinization of Greek words. 

The Zoological Draft Code is somewhat 
more explicit. Part II is termed “Lin- 
guistic Regulations.” Its first Article, 27, 
is termed “the Language of Names.” Sec- 
tion I states that “The scientific name of 
a taxon must be a word or words that are 
either Latin or Latinized * (cf. Glossary) 
or treated as such if they are not of classi- 
cal origin.” An asterisk after “Latinized” 
refers to a footnote which states “For 
transliteration of words written in the 
Greek or Cyrillic alphabets see Schedules 
( ) and ( ).” No such schedules or ap- 
pendices have been located. The glossary 
definition of “Latinize” is 


“To give a Latin termination to a word 
of another language, or to otherwise make 
it Latin in form and characteristics, Ex- 
amples: ‘innonétaucs’ is Latinized as ‘hip- 
popotamus’; ‘Smith’ is Latinized as 


2? 99 


‘Smithius’. 


Certainly this does not tell the student 
how to transliterate or Latinize Greek. 
However, an earnest effort is made in 








34 





SYSTEMATIC ZOOLOGY 





Article 28 (the second article of Part 2) 
of the Zoological Code to stimulate no- 
menclatural literacy under the heading of 
“Grammar and Typography.” This in- 
cludes eighteen sections and fifty-two 
pages with a long appendix consisting of 
two tables. In most cases it goes into 
minute detail, incorporating the decisions 
recorded in Opinions over many years. 
Since a large proportion of the names pro- 
posed for genera and higher taxa are de- 
rived from the Greek it is surprising to 
find that the discussion of derivation of 
such names is confusing in some places, 
faulty in others, and does not constitute 
an adequate introduction to the use of 
Greek in zoological nomenclature. May I 
seek to justify this rather serious indict- 
ment? 

Table 2 has the heading “The declen- 
sion, stem, and case ending of the genitive 
of typical Latin nouns, including those de- 
rived from the Greek and of Greek nouns.” 
The Part A which has to do with Latin 
nouns is perhaps more complicated than 
it needs to be, but it does explain clearly 
how to make names of suprageneric taxa 
from the names of genera that are of 
Latin origin. But Part B headed “Greek” 
is difficult to understand, is apparently 
not dependable in all respects, in some 
places inaccurate. 

The heading states “In the following 
table every other line shows the equiva- 
lent in the Latin alphabet of the letters of 
the word above it.” The “word above it” 
in each case is a noun written in Greek 
letters from which the name of a genus 
and the name of a family are to be derived. 
There are numerous errors. For example, 
the “equivalent in the Latin alphabet” 
throughout of the Greek kappa is assumed 
to be k, which certainly is not correct. The 
equivalent of kappa in German and some- 
times in English may be k, but never in 
Latin. For example, the first word spelled 
in the Greek is oixia, the “equivalent” in 
Latin is spelled oikia. The Greek diph- 
thong o has as its usual Latin equivalent 
oe and not oi. The name of the hypotheti- 
cal genus is apparently Oicia. Of course, 


as an original spelling under the rules, it 
would stand, but there is no explanation 
in the table of why the generic name Oicig 
is not spelled Oikia, and the family name 
Oikiidae. The “Latin equivalent” of kappa 
in incorrectly given in keras, koraz, suke, 
helikos, krinon; of upsilon in suke. The 
“Latin equivalent” of gamma is not n but 
g. In no case is the name given of the 
genus from which the “Family Name 
Transliterated” is derived. In this list of 
family names at least four are not cor- 
rectly Latinized; they do not conform to 
Section I of Art. 27 which states clearly 
that words of classical origin must be 
either Latin or Latinized. 

In this same Part B, there is the inter- 
esting statement “These equivalents are 
not transliterations such as would be used 
in Latinizing the words, as given in 
Schedule ( ).” One looks in vain for this 
Schedule “blank,” but may get some idea 
as to what may be the eventual basis for 
it by noting Appendix E of the “official 
Text” of the Régles Internationales de la 
Nomenclature Zoologique” as they existed 
up to the opening of the Paris Congress in 
1948. It is titled “Transliteration of 
Greek words.” The schedule gives trans- 
literations of only eight of the 24 Greek 
letters. The six Greek diphthongs are cor- 
rectly transliterated. The transliteration 
of gamma, as n when it occurs before 
gamma, zeta, or kappa is correctly given, 
but the corresponding transliteration be- 
fore zi is omitted. This schedule, which 
has appeared in the appendices of succes- 
sive editions of the Zoological Code, is in- 
complete, inadequate, in some respects 
misleading, even incorrect. 

In the material presented for considera- 
tion to the July Zoological Colloquium on 
Nomenclature, Articles 27 and 28, with 
their appendices, included 53 pages of text 
intended to assist student and professional 
nomenclators to attain higher levels of 
nomenclatural literacy. Most of it is well 
written. I repeat the basic text (Section 
1, Art. 27): 


“The scientific name of a taxon must be 
a word or words that are either Latin 
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or Latinized or treated as such if they 
are not of classical origin.” 


Most of these 53 pages of Art. 27 and 28 
are devoted to resolution of problems of 
what is appropriate in Latinizing a bar- 
barous word and treatment of such a word 
as though it were Latin. The Latin dic- 
tionary includes many barbarous words 
with clear indication as to their treatment 
by the Latins. The wisdom of recognizing 
and adopting these Latin precedents for 
treatment of barbarous words seems self- 
evident. In that part of Art. 28 having to 
do with names of taxa derived from the 
Greek, it would seem to have been far 
more helpful to have included correct 
transliterations, or better yet, correct 
Latinizations. 

There are many inconsistencies. For 
example, Section II of Art. 28 of the Draft 
Code has to do with gender. One of the 
headings (p. 211) reads: 


“Explanation and examples dealing 
with compound nouns the final element of 
which is a classical noun.” 

The next paragraph (i) headed “Mascu- 
line Names” states: 


“Compound Latin nouns terminating in 
-cola, such as agricola, are masculine or of 
common gender.” 


But cola is not a Latin noun as indicated, 
agricola is not a compound of two Latin 
nouns, cola is a verbal stem (suffix) which 
in the Latin Dictionary is the final element 
of 40 Latin words. Other verbal suffixes 
such as -cida, -gena, -gera, -fera, -fica, 
-fuga, -fraga, -para, -vaga, -vera, etc., are 
not discussed. 

What about the Bacteriological Code? 
In a series of Recommendations (not 
Rules) reference is made repeatedly to 
Appendices A and B. Appendix A is titled 
“transliteration of Greek words for use 
in nomenclature in Bacteriology.” Each 
Greek letter is considered individually, as 
also the Greek diphthongs, the spiritus 
asper, and the transliteration of gamma 
as n before gamma (g), kappa (c), xi (x), 
and chi (ch). Directions for Latinization 


are given in some instances. The treat- 
ment is, however, admittedly inadequate. 

In partial summary, why so much dis- 
cussion of Greek? We are celebrating the 
two-hundredth anniversary of the intro- 
duction of Linnaean binary combinations 
of classic origin to be used as names of 
species of animals. Linnaeus attempted 
to form names in accordance with classic 
usage. We are celebrating the anniver- 
sary of acceptance of Latin or properly 
Latinized binary combinations for names. 
The birthday of Botanical and Bacterio- 
logical Linnaean nomenclature is five 
years past. From the Linnaean concepts 
there have emerged three Codes of No- 
menclature. Certainly one common ob- 
jective of all is or should be the promo- 
tion of nomenclatural literacy among tax- 
onomists. The Zoological Code has by far 
the longest discussion of literacy. An ef- 
fort has been made to include the views of 
classicists. Apparently there has been 
misunderstanding; anyone seeking an in- 
troduction to the Latinization of Greek 
words and their use in nomenclature will 
encounter frustration. The Botanical 
Code is briefer but not very helpful. It 
endorses the following of classical tradi- 
tion in transliterations, but does not de- 
fine how to go about it. Nor is there ade- 
quate definition of Latinization. The 
Bacteriological Code goes somewhat 
further than either of the other two, but 
does not adequately organize the per- 
tinent material. 

All this leads me to my first suggestion. 
The International Union of Biological Sci- 
ences at its London Meeting (July, 1958) 
invited the three Biological groups to or- 
ganize under IUBS auspices an Interna- 
tional Committee to study some of the 
problems of nomenclature common to the 
three disciplines. Why not ask this com- 
mittee to outline clearly a statement as 
to what constitutes literacy in this one 
phase of biological nomenclature; to de- 
fine what is needed to “Latinize” a Greek 
or barbarous word for use in biological 
nomenclature? When one looks at the 
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present chaos in advice as to nomencla- 
tural literacy, we are not surprised at the 
success of those among us who advocate 
the condoning of illiteracy. 

The IUBS resolution suggests that 
there are two categories of differences 
among the three codes. We can perhaps 
agree that there have developed some 
differences in their basic philosophies. 
However, the time is certainly not ripe to 
debate and attempt to reconcile all these 
philosophical diversities. There are, how- 
ever, many differences in terminology, in 
use of words and names, in some cases 
completely antithetic definitions of some 
commonly used terms. The IUBS reso- 
lution suggests that a careful study of the 
three codes should be made in the hope 
that differences in terminology can be 
reconciled or at least accurately defined, 
and with the further hope that basic dif- 
ferences in philosophy may also be better 
delimited, but with no immediate expec- 
tation of reconciliation. 

It is particularly appropriate that this 
problem be explored by one discussing the 
Bacteriological Code. Bacteriology is not 
only the science which has to do with bac- 
teria, but it is also the science in whose 
laboratories a long series of differential 
criteria (in addition to morphology) have 
been developed for identification and di- 
agnoses of bacterial taxa. We have noted 
earlier that it was soon discovered that 
these techniques were likewise useful in 
descriptions of many other forms of mi- 
croscopic life. The bacteriologist used his 
newly discovered techniques to study the 
unicellular and filamentous fungi, includ- 
ing the yeasts, the myxomycetes, unicel- 
lular and filamentous algae, and unicellu- 
lar animals, the Protozoa. The bacteriol- 
ogists, the protozoologists, the mycolo- 
gists, the algologists all find some common 
ground in the combined field of micro- 
biology. The bacteriological laboratories 
perforce in their widespread services and 
researches must be familiar with and 
utilize the rules of nomenclature as found 
in the botanical, zoological, and bacterio- 


logical codes. Botanical and bacteriologi- 
cal codes are in agreement that later hom. 
onyms are illegitimate. The name of a 
bacterial taxon is illegitimate if it dupli- 
cates the name of a botanical taxon val. 
idly published. In short there is reciproe. 
ity. To prevent unwarranted duplication 
of names between bacteriology and proto- 
zoology the bacteriological code regards 
as an illegitimate homonym a later name 
of a bacterial taxon which duplicates the 
name of a protozoan taxon. A survey 
showed there were several such names of 
bacteria; these were placed in the list of 
rejected names. A proposal was sent 
some years ago to the Zoological Commis- 
sion (Zoological Trust) suggesting that 
reciprocal action be taken to reject the 
names of protozoan taxa that were later 
homonyms of bacterial taxa. A curt, albeit 
courteous, reply was received to the effect 
that protozoan nomenclature was solely 
the concern of the zoologist. And reci- 
procity as between protozoology and bac- 
teriology continues to be strictly unilat- 
eral. Why? 

Are there other differences either in 
basic philosophy or in terminology in the 
botanical and zoological nomenclature 
codes that bother and confuse the bacteri- 
ologist? Here are several. 


1. Scientific name of a species. The Bo- 
tanical Code reads: 


“The name of a species is a binary com- 
bination consisting of the name of the 
genus followed by a single specific epi- 
thet.” 


The draft Zoological Code stated: 


“The designation of a species shall be 
binominal.” Art. 4. 


My notes indicate that this phraseology 
was changed by action of the colloquium 
to (my wording may not be accurate): 


“The designation of a species shall con- 
sist of two words.” 


In the Zoological Code the second compo- 
nent of the “name of a species” (‘‘designa- 
tion of a species”) is termed a “specific 
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name.” Earlier it was termed a “trivial 
name” (nomen triviale). 

The use of the word “name” as applied 
to the second component of the name of a 
species is perplexing to botanists and bac- 
teriologists, even though Linnaean prece- 
dent may be cited. Art. 25, Sec. 13, of the 
Draft Code states that this second compo- 
nent may be an adjective. But the use of 
the word “name” to apply to an adjective 
would seem to have no etymological or 
grammatical justification. In our elemen- 
tary grammar we were taught that both 
“name” and “noun” indicated the appella- 
tion of a person or thing. Grammatically 
the name of a thing is a noun, not an ad- 
jective. The biologist who is not a zoolo- 
gist uses the phrases “specific name” and 
“name of a species” interchangeably, but 
when discussing Entamoeba histolytica 
he must regard the adjective histolytica 
asa “specific name,” while in bacteriology 
or botany the whole name “Staphylococ- 
cus aureus” is both the name of a species 
and a specific name, and the second com- 
ponent “aureus” is a “specific epithet.” 
He looks in the dictionary to find the per- 
tinent definition of “specific” to be “of or 
pertaining to a species, as an example, a 
specific name.” 

One may point out further that this 
anomalous situation causes difficulty and 
misunderstanding in zoological nomencla- 
ture as well. There crops up continually 
in the Draft Code the implication that if 
the second component of the name of a 
species is in itself a “specific name,” it 
must be the name of a taxon, and can be 
treated as such. Apparently this was the 
reasoning behind the proposal (which my 
notes indicate was approved) to amend 
Art. 28, Sec. 18 (Forbidden Names) (E) 
which states “an adjective in the genitive 
case is not an admissible specific . 
name.” The amendment allows the trans- 
fer of an adjective used as a “specific 
name” (specific epithet) in the name of 
one species and its rechristening as a 
noun when used in the genitive as the sec- 
ond component of the name of another 


species, thereby indicating presumably 
some kind of relationship between the 
two. From the standpoint of a bacteriol- 
ogist such approval not only condones, but 
legalizes and encourages illiteracy in no- 
menclature. 

2. Use of the term “epithet.” The bo- 
tanical and bacteriological codes call the 
second component of the name of a spe- 
cies a “specific epithet.” There appears 
to be quite as adequate Linnaean justifi- 
cation for such use as for use of the 
phrase “nomen triviale” in zoology. The 
Greek adjective éni8etes in the lexicon has 
the basic meaning, “added” or annexed.” 
The neuter form énidctov was used as a 
substantive with the meaning of “epi- 
thet.” The word was Latinized and ap- 
pears in the Latin dictionary as epitheton 
defined as meaning, in grammar, an “epi- 
thet” or “adjective.” The English diction- 
ary defines an epithet as “an adjective, or 
a word or phrase used as an adjective.” A 
specific epithet is therefore a word or 
phrase which modifies or characterizes 
the generic name, the two combined giv- 
ing the species name or specific name in 
botany and bacteriology. Note that a spe- 
cific epithet may be a descriptive phrase, 
i.e., consist of more than one word when 
the phrase has a consistent meaning. As 
bacteriologists we like the phrase specific 
epithet. 

However, as bacteriologists we do not 
follow the botanists in all the uses of the 
word epithet. The Botanical Code on the 
one hand and the Bacteriological and 
Zoological Codes on the other hand differ 
in the recognized number of categories of 
taxa lower than genus. Botany recognizes 
Genus, Subgenus, Section, Subsection, 
Series, Subseries, Species, Subspecies, Va- 
riety, Subvariety, Form, and Subform, 
twelve in all. Bacteriology and Zoology 
find four sufficient, Genus, Subgenus, Spe- 
cies, and Subspecies, with all of lower 
rank lumped together as Infrasubspecific. 

In botany the name of any taxon be- 
tween genus and species is a “combina- 
tion of a generic name and a subdivisional 
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epithet connected by a term (subgenus, 
section, subsection, series, subseries) de- 
noting its rank.” 

In Bacteriology and Zoology, generic 
and subgeneric names are subject to the 
same rules and recommendations and 
from a nomenclatural point of view are 
coordinate. Not so in Botany. An epithet 
can scarcely be regarded as the name of a 
taxon. In botany apparently the name of 
a subgeneric taxon must be written: 
name of genus—subgenus—epithet of the 
subgenus. 

3. Infrasubspecific forms. As_ just 
noted, the Botanical Code does not recog- 
nize formally the separate category of 
infrasubspecific forms. However, the bota- 
nists have cooperated with agronomists 
and horticulturists in the development of 
an ancillary nomenclatural code for culti- 
vated plants in which the rules are not 
greatly different from those for infrasub- 
specific forms in zoology and bacteriology. 
Further, more recently botanists have 
noted that within certain species of higher 
plants as they occur in nature there are 
distinct physiological variants of economic 
significance. For example, some wild cam- 
phor trees do not produce camphor but 
other related but distinct compounds. The 
botanist terms the cultivated varieties of 
higher plants “cultivars.” It has been pro- 
posed that the term “chemovar” be used 
to designate such a “chemically defined” 
race or clone within a species of higher 
plants. It is in bacteriology that the great- 
est use is made of the infrasubspecific des- 
ignations, including biotypes, phago- 
types, serotypes, etc. In the several spe- 
cies of the bacterial genus Salmonella 
there have been named and diagnosed 
more than 400 serotypes. 

This field of nomenclature has been in- 
adequately explored. Might it not be pos- 
sible for the three disciplines to cooperate 
in the development of uniform termi- 
nologies? 

4. Name of suprageneric taxa. Botanists 
and bacteriologists recognize an hierarchy 
of categories of suprageneric taxa cor- 


responding for the most part to those of 
zoology. For each rank explicit directions 
are given for the formation of names from 
subtribes through orders by the use of 
appropriate endings. In zoology taxa of 
the rank of family have names ending in 
-idae, of subfamilies -inae, of tribes in -inj. 
The nomenclature of the higher taxa jn 
zoology is confusing to those not steeped 
in the traditions of zoology. Unfortv. 
nately the ending -inae is used both to 
designate a tribe in botany and a sub. 
family in zoology. 

The Botanical and Bacteriological Codes 
indicate that the names of taxa of the 
categories family through subtribe are 
plural adjectives used as substantives. All 
are feminine plurals agreeing with the 
Latin plantae (plants), which is presum- 
ably understood. All the endings convey 
the meaning of “resembling” or “of the 
nature of” the genus from which the 
suprageneric name is derived. 

The Zoological Code states that the 
name of a taxon “of the family group or 
higher shall be a single noun in the nomni- 
native plural.” However, -idae is, not- 
withstanding this statement, either a 
plural feminine adjectival ending, and the 
word of which it is a suffix presumably 
modifies some plural feminine noun mean- 
ing animal (perhaps bestiae?) or it is the 
latinized plural ending of a Greek patro- 
nymic. The approval of -ini as the end- 
ing of the names of tribes poses a gram- 
matical problem for it is masculine plural. 
Names of higher taxa in zoology ending 
in -a, as -ida or -ina, are presumably 
neuter plural, perhaps to be associated 
with animalia. In teaching nomenclature 
it is sometimes frustrating to compare the 
consistent following of a basic philosophy 
of classic literacy in botany and the ap- 
parent lack of such philosophy in zoology 
in formation of names of higher taxa. 


Time will not permit the discussion of 
many other unnecessary and undesirable 
differences in terminologies among the 
several codes. A few others may be 
named. The terms “validity” and “valid- 
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ity of publication” and “valid” do not have 
the same connotation in all the codes. 
Does the phrase “available name” mean 
in zoology the same as “legitimate name” 
in botany? What is the zoological equiva- 
lent of “correct name”’ as used in bacteri- 
ology? 

A summary paragraph. We could well 
honor the memory of Linnaeus in this cel- 
ebration of the beginnings of the “bino- 
mial” system of nomenclature in zoology 
by heeding his repeated advocacy of liter- 
acy in nomenclature. Each of the codes 
needs careful inspection and emendation 
from this point of view. It should be rec- 
ognized that a code should be usable not 
only by the old and experienced nomen- 
clator and taxonomist, but intelligible as 
well to the student with some reasonable 
background in biology. All of the codes 


can be improved. To say “it follows a 
precedent” is not always a satisfying 
answer to the inquiring student who asks 
“why”? 

May we express the hope that in the 
next few years some of the barriers be- 
tween the three disciplines may disappear. 
By the end of 1962 all three disciplines 
will have met again in International Con- 
gresses with plenary sessions with author- 
ity. Is it not possible that the newly 
authorized IUBS Committee may have 
helpful recommendations for resolving 
troublesome terminological differences to 
present to our several International Com- 
missions on Nomenclature? 

R. E. BUCHANAN from Iowa State Univer- 
sity is chairman of the International Judicial 


Commission charged with consideration of 
emendations of the Bacteriological Code. 


Linnaeus and the Development 
of the International Code of 
Zoological Nomenclature 


E. G. LINSLEY AND R. L. USINGER 


HE origin and development of scien- 
tific nomenclature in Zoology was 
identical with that in Botany and was de- 
pendent upon advances in biological clas- 
sification, notably the evolution of a ge- 
neric concept which goes back at least to 
Tournefort, and a species concept which 
is usually credited to John Ray. The rea- 
son for the common origin of our nomen- 
clatures and the similarity in the proce- 
dures at the beginning of the Eighteenth 
Century was, of course, that John Ray and 
Carolus Linnaeus were zoologists as well 
as botanists. 
Linnaeus came on the scene at a crucial 
time when new ideas of classification had 


been advanced but no uniform method of 
expressing them had been achieved. Lin- 
naeus first attempted to apply the species 
concept to the numerous ill-defined forms 
of plants and animals and then to apply a 
generic concept by selecting from among 
the numerous group names which had 
been applied in the past. He then pro- 
ceeded to his greatest contributions: (1) 
the development of the binomial system 
of nomenclature, and (2) its universal 
application to plants and animals in his 
Systema Naturae. It was this last accom- 
plishment—the carrying to completion of 
his “system’—that rescued systematic 
botany and zoology from the chaos that 
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then existed and that was rapidly becom- 
ing worse. 

Linnaeus, in addition to his personal 
achievements in creating a uniform sys- 
tem, went further and laid down a series 
of rules for the naming of organisms. Per- 
haps because these were offered in a book 
with a botanical title, their relevance to 
the zoological rules seems to have been 
overlooked, at least in recent times. How- 
ever, Linnaeus went so far as to state spe- 
cifically that his rules “hold good in the 
Mineral and Animal Kingdoms fully as 
much as in Botany.” The publication of 
these rules occurred much earlier than the 
generally quoted date of 1751—“Philo- 
sophia Botanica.” Actually they first ap- 
peared in the “Fundamenta Botanica” 
(1736) and were elaborated in the “Cri- 
tica Botanica” (1737). Linnaeus wrote 
these works while visiting with George 
Clifford in Holland. He was only twenty- 
nine years old at the time that his “Prin- 
ciples of Nomenclature” were published. 

Fortunately for most present day stu- 
dents who are not well versed in classical 
languages, the “Critica Botanica” was 
translated by Sir Arthur Hort and pub- 
lished as No. 124 in the Ray Society pub- 
lications in 1938. The more pertinent 
“Aphorisms” are reproduced below with 
an excerpt from the “Preface”: 

“Before botanists can admit [such] 
laws, it is necessary that someone among 
them should take upon himself to offer 
proposals to be examined by other bota- 
nists, so that, if they are good they may be 
confirmed, if unsound they may be con- 
victed of unsoundness and abandoned, 
while something better is put in their 
place. But, so long as botanists refuse to 
make this beginning, so long also will they 
remain in doubt and uncertainty, and 
false names will accumulate every day to 
burden Botany. Now as hitherto no one 
has thought fit to undertake this self- 
denying task, I have determined to make 
the attempt; for, if a citizen in a free com- 
monwealth may speak his mind, it will be 
at least allowable for me to state my 


principles among botanists! I have not 
reached such an extreme hardihood as to 
believe that all my reasoning is so firmly 
based but that someone else may pro 
pound reasoning much more mature: 
still mine will be true until some other 
principles are shown to be truer. To you, 
my dearly-beloved botanists, I submit my 
rules, the rules which I have laid down 
for myself, and in accordance with which 
I intend to walk. If they seem to you 
worthy, let them be used by you also; if 
not, please propound something better!” 

213. All those plants which belong to 
one genus must be designated by the same 
generic name. 

214. All those plants which belong to 
different genera must be designated by 
different generic names. 

217. If one and the same generic name 
has been adopted to designate two differ- 
ent genera, it will have to be banished 
from one of the positions which it occu- 
pies. 

230. Generic names of plants which are 
also used in the nomenclature of Zoology 
and Mineralogy, if they were adopted by 
Botanists at a later date, must be restored 
to their original signification. 

243. If a generic name is suitable, it is 
not allowable to change it, even for an- 
other which is more fitting. 

244. New generic names are not to be 
coined, so long as suitable synonyms are 
available. 

246. If an accepted genus has to be split 
up into several, according to the Law of 
Nature and Science, then the name which 
formerly belonged to the whole should be 
kept to denote the best known and official 
plant. 

247. Greek generic names are to be 
written in Latin characters. 

248. The terminations of generic names, 
and the pronunciation, should be made as 
easy as possible. 

249. Generic names an ell-long (sesqui- 
pedalia), or difficult to pronounce, or un- 
pleasant, are to be avoided. 

251. The same principles apply to the 
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names of Classes and Natural Orders as to 
generic names. 

255. The name of a Class or an Order 
shall consist of a single word. 

256. A plant is completely named when 
it is furnished with a generic and a spe- 
cific name. 

283. Care must everywhere be taken 
that a variety is not mistaken for a spe- 
cies. 

284. The generic name should be at- 
tached to every species of the genus. 

285. The specific should always follow 
the generic name. 

286. A specific name without a generic 
name is like a bell without a clapper. 

306. To the generic and specific names 
may also be added a varietal name, if such 
is desirable. 

307. Generic, specific, and _ varietal 
names should be written in letters of dif- 
ferent sizes. 

316. Cultivation, which is the mother of 
so many varieties, is also the best test of 
varieties. 

317. He who brings varieties under the 
species to which they belong does no less 
service than he who has referred species 
to their proper genera. 

318. Synonyms are different names be- 
stowed by botanists on the same plant, 
and may be Generic, Specific, or Varietal. 

322. In citing synonyms, the author’s 
name and the book and page should al- 
ways be indicated at the end of the ref- 
erence.” 

Comments are given under each apho- 
rism and some of these are very revealing. 
For example, in a quaint statement of the 
law of priority he remarks: “The names 
taken must be only such as have never 
been bestowed on a genus before: other- 
wise these later coinages turn out to be 
false and so have to be expunged: for 
first in order shall be first in law.” No. 241 
Suggests that Linnaeus saw the need for 
conserving well-known names and a quo- 
tation from Ray indicates that the “princi- 
ple of conservation” goes back still 
further: “There should be as little inno- 


vation as possible, nor should names be 
altered which are received in common use 
or commonly employed in the writings of 
physicians ...” Still another aphorism 
(No. 246) and the discussion and exam- 
ples constitute a loose statement of the 
type method as applied to generic names. 

The Linnaean nomenclatural “apho- 
risms,” although fragmentary, prevailed 
for a century with slight elaboration by 
Linnaeus’s student, Fabricius (Philoso- 
phia Entomologia, 1778) and by the para- 
sitologist and biographer of Linnaeus, 
Rudolphi (1801). As late as 1846 Agassiz 
(Nomenclator Zoologicus, “Prefatio” to 
Fasc. IX and X) republished the Lin- 
naean aphorisms. 

In 1842-1843 a committee of the British 
Association for the Advancement of Sci- 
ence prepared the first really comprehen- 
sive Code for Zoology. The Code was 
drawn up by H. E. Strickland. Unfortu- 
nately, the XII ed. of the Systema Naturae 
(1766) was chosen for the starting point 
of zoological nomenclature, and in the 
controversy over dates (1751, 1758, 1766, 
1767) a good deal of the support that was 
due the Stricklandian Code was lost. 

The next landmark in the evolution of 
a code of nomenclature was a Report to 
the American Association for the Ad- 
vancement of Science at the Nashville 
Meeting, August 31, 1877, by W. H. Dall 
entitled “Nomenclature in Zoology and 
Botany.” The so-called “Dall Code” was 
a scholarly attempt to bring botanists and 
zoologists back under a single set of rules. 
The thorny problem of starting dates was 
handled by adopting 1766, but with pro- 
vision that different dates might be 
adopted to coincide with “epoch-making” 
works in particular groups. Another at- 
tempt to formulate rules for both botany 
and zoology was published. (Chaper, 
1881) by the Société Zoologique de 
France. This was a brief and totally in- 
adequate set of rules but is significant be- 
cause it formed the basis for the expanded 
(6 page) “Régles de la Nomenclature des 
Etres Organisés adoptées par le Congres 
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International de Zoologie,” 1889 (Blanch- 
ard, 1890). 

Meanwhile a complete and thoroughly 
modern Code of Nomenclature was pre- 
pared by the American Ornithologists 
Union (1886). The A.O.U. Code was based 
firmly on the good work of the Strick- 
landian and Dall codes but settled two dis- 
puted points as follows: zoological no- 
menclature was definitely separated from 
botanical nomenclature and 1758 was fixed 
as the starting point for zoological nomen- 
clature. A trinomial system of nomencla- 
ture was inaugurated to cover the rapidly 
developing subspecies concept in orni- 
thology. 

Other codes of a national or specialist 
nature were prepared during the same 
period including one by the International 
Geological Congress, the so-called Dou- 
villé Code (1881), one by the Deutsche 
Zoologische Gesellschaft (1893) and, more 
recently, “The Entomological Code” by 
Banks and Caudell (1912) and the “Rules 
of Entomological Nomenclature” proposed 
by the British National Committee on En- 
tomological Nomenclature (1928). How- 
ever, all significant developments in 
recent years have been within the 
framework of the International Rules or 
Code under the general auspices of the 
International Congresses of Zoology. 

As mentioned above, the Blanchard 
Code of 1889 was introduced at the first 
Zoological Congress at Paris. It was 
further elaborated and adopted at the 
second Congress in Moscow in 1892, but, 
being inadequate in many ways, was not 
generally accepted and hence several 
codes were in use simultaneously. 

In an attempt to resolve this apparently 
hopeless confusion, an international com- 
mittee of five members—R. Blanchard 
(Paris), J. V. Carus (Leipzig), F. A. Jen- 
tink (Leiden), P. L. Sclater (London), 
and C. W. Stiles (Washington)—was ap- 
pointed by the Third International Zoolog- 
ical Congress in Leiden in 1895. This com- 
mittee made a careful study of all existing 
codes and, after being increased to 15 


members at the Fourth International Con. 
gress in Cambridge in 1898, finally 
brought forth the Régles Internationales 
de la Nomenclature Zoologique. These 
rules were adopted by the Fifth Interna- 
tional Zoological Congress in Berlin ip 
1901, and were edited in French by 
Blanchard, in English by Stiles, and in 
German by Maehrenthal. The French text 
was the definitive text. The Rules became 
the universal code of nomenclature. At no 
time since they were formally adopted has 
a nationally biased system of nomencla- 
ture been established. The International 
Rules have thus been truly international, 

On six occasions since 1901 major 
changes of the rules have been adopted, 
The first was the refinement of the type 
method adopted by the Seventh Inter- 
national Congress of Zoology at Boston in 
1907. The second was the Plenary Powers 
Resolution adopted at Monaco in 1913. It 
permits the suspension of the rules in any 
case where “the strict application of the 
rules will clearly result in greater con- 
fusion than uniformity.” 

The third major change was the modi- 
fication of the Law of Priority as adopted 
by the Budapest Congress in 1927. The 
original version of the Rules failed to re- 
quire a mentioning of the differentiating 
characters of the genus, species, or sub- 
species in the formal description and, in 
the case of a generic name, did not re- 
quire the definite unambiguous designa- 
tion of a type species. At Budapest it was 
decided that it would be mandatory after 
December 31, 1930, to include in the 
formal description a summary of charac- 
ters which differentiate or distinguish the 
genus or the species from other genera or 
species and in the case of a genus, the 
definite unambiguous designation of a 
type species. 

The fourth major change occurred at 
the Paris Congress in 1948. During the 47 
years prior to 1948 so much poorly di- 
gested case law had accumulated that a 
complete revision of the Rules was author- 
ized. Specifically, all interpretations of 
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the Rules contained in Opinions and Dec- 
larations were incorporated into the Re- 
yised Rules, after which the Opinions and 
Declarations were repealed and canceled 
for all except historical purposes; nu- 
merous amendments, additions, and clari- 
fications were adopted; the meaning of 
the expression binary nomenclature was 
fixed as exactly equivalent to binomial 
nomenclature; the term indication as used 
in the Law of Priority was defined; rules 
were adopted for the first time relating to 
secondary homonyms and names for 
forms of less than subspecific rank; the 
rule of “page precedence” was adopted 
rather than “first reviser”’; the status of 
names on the Official List of Generic 
Names in Zoology was clarified; and an 
Official List of Specific Trivial Names in 
Zoology was established. 

At the Copenhagen Congress in 1953 
major changes were authorized for a fifth 
time, though the changes made at Paris 
were still unincorporated and no revised 
text had been published. Significant 
changes made at Copenhagen were: 
adoption of “taxon” as a means of refer- 
ring to any taxonomic unit; use of bino- 
men and trinomen to designate the bino- 
mial and trinomial combinations includ- 
ing the generic name, specific (not trivial) 
name, and subspecific name; provisions 
for rejection of “nomina dubia”; recogni- 
tion of the Principle of Conservation; pro- 
visions for the restriction of type locali- 
ties; official recognition of neotypes; de- 
tailed provisions for family names; rules 
for the naming of orders and higher cate- 
gories, with types to be designated for 
such names; revised provisions for the 
emendation of names; and reinstatement 
of the first “reviser principle,” thus re- 
versing the Paris action. 

Several months before the London Con- 
gress of 1958 the long-awaited draft of the 
new rules, incorporating the Paris and 
Copenhagen decisions, was published. The 
draft was prepared by J. Chester Bradley, 
president of the International Commis- 
sion, and formed the basis for discussions 
at London. So many changes were made 


in the draft that a completely new Code 
will be required and is now being pre- 
pared. The important changes authorized 
at London were as follows: deletion of 
provisions for names of orders, classes 
and higher groups (thus reversing a Co- 
penhagen decision); deletion of provisions 
on naming of hybrids; rejection of a spe- 
cial nomenclature for “parataxa’; dele- 
tion of all diacritic marks from scientific 
names; provision for acceptance of family 
names first proposed in the vernacular 
if now in general use; provision to main- 
tain, if in general use, family names based 
on type genera in synonymy; retention of 
the original type concept if the type genus 
of a family proves to be a homonym. Also, 
the name “Régles” was changed to “Code” 
and the French and English texts were 
declared to be equally definitive, any dif- 
ferences in interpretation to be referred to 
the Commission. Finally, the principle of 
continuity, adopted at Copenhagen but 
not settled as to wording, was rejected 
and later accepted at London and the fol- 
lowing paragraph was inserted in the 
“Preamble.” 

“Thus, although the Law of Priority is 
the basic principle of zoological nomen- 
clature, its application should be moder- 
ated so as to preserve accepted names 
with their accustomed use and meaning 
(Principle of Conservation).” Also a “Stat- 
ute of Limitations” was adopted in order 
to protect well known names from being 
suppressed by the discovery of older 
names that have not been used in the pri- 
mary zoological literature for 50 years. 

To summarize, zoologists and botanists 
lived under the same set of Linnaean 
aphorisms from 1736 to 1842. Then for 
approximately fifty years the Strickland- 
ian Code or various alternatives (Dall, 
Douvillé, A.O.U., etc.) competed for the 
allegiance of zoologists. Finally, from 


1890, the first International Code attracted 
adherents and by 1901, when it was 
adopted in final form, became the stand- 
ard for the next 50 years. The decade from 
1948 to 1958 is perhaps too close to be re- 
garded as history but this period was 





44 





SYSTEMATIC ZOOLOGY 





characterized by a revolution in detailed 
nomenclatural coverage culminating in 
the Bradley Draft of 1957. Persons who 
played the leading roles during each 
period were: Linnaeus for the 1st period; 
2nd period, Strickland, Dall, and the 
A.O.U. committee; 3rd period, Blanchard 
and Stiles; 4th period, Hemming and 
Bradley. In general, the first period was 
the one of loose nomenclatural practice 
with relatively few names involved. The 
second period was characterized by debate 
as to which date or which of the Linnaean 
works was to be adopted as the beginning 
of nomenclature. Also there was a grad- 
ual evolution from the Linnaean apho- 
risms to a formal code, culminating in the 
highly satisfactory A.O.U. Code and pro- 
viding the basis for the International 
Code. The third period began with com- 
promise, the issue being between accept- 
ance of “binary” (a name of two parts 
but not necessarily two words) and “bi- 
nomial” authors (Stejneger, 1924). Dur- 
ing the third period the influence of the 
International Commission gradually in- 
creased. As a result, a body of case law 
was accumulated, requiring close atten- 
tion to the “Opinions” and “expert” inter- 
pretation by specialists in nomenclature. 
Finally the fourth period, which really 
began with the first Hemming publica- 
tions in 1943, was characterized by ex- 
haustive treatment of all contingencies. 
The mass of verbiage, running to thou- 
sands of pages, left the average zoologist 
hopelessly behind and was only partially 
cleared up at London after the retirement 
of Mr. Hemming. 


Trends 


In retrospect certain generalizations can 
be drawn which may shed light on the 
present situation. First, it is clear that, 
like nearly everything in our modern 
world, codes become bigger and more com- 
plex with the passing years, This seems 
inevitable but must be kept under control 
for a special and all-important reason. 
Codes must be held within the limits of 


readability. Civil laws are backed by 
police enforcement; the laws of nomencla- 
ture depend upon voluntary support of 
zoologists. If, as has happened in recent 
years, the code, or voluminous writings in 
lieu of a code, becomes too long to be read 
conveniently and too complex to be under. 
stood readily by the average zoologist, 
then the code will be ignored. 

Second, retroactive provisions, although 
necessary in a code that was adopted 143 
years after the start of nomenclature and 
that has been changed drastically from 
time to time, must somehow or other be 
held to a minimum. The policy adopted 
at London that no name accepted under 
a former provision of the Code is to be 
changed, is admirable in spirit but re- 
quires that zoologists have a working 
knowledge of all vagaries of former codes, 
a task that will not become easier as the 
years go by. Perhaps the solution is to 
place such names on an Official list, though 
the procedure for this is not simple. The 
alternative of “before and after” dates 
such as one finds throughout the present 
code is already difficult to follow and will 
tax the memory still more when other 
dates are added to 1930-1931, 1950-1951, 
1953-1954, and 1958-1959. 

A third point that has plagued nomen- 
clature from the start is priority vs. con- 
tinuity. This issue was dimly perceived 
by Linnaeus. It was a burning question 
in the 19th century (Lewis, 1892) and 
was only partially resolved by adoption 
of the Plenary Powers Resolution at 
Monaco in 1913. The unsuccessful attempt 
to formulate a satisfactory rule at Copen- 
hagen and the partial reversal at London 
bring the subject down to date. The ex- 
treme positions in this controversy are 
too far apart to admit compromise. The 
old style “closet-naturalist,” for example, 
sees no problem in changing names, for 
taxonomic or nomenclatural reasons. It 
is all in the day’s work. On the other 
hand, the workers in applied fields and sci- 
entists other than taxonomists take a dim 
view of all name changes, not realizing 
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that changes are inevitable with advances 
in knowledge. Thus we have some tax- 
onomists who are oblivious to the needs 
of the persons who use their names and 
classifications and others, mostly non- 
taxonomists, who hold the naive belief 
that some magic formula can be found to 
freeze the names of animals for all time. 
The solution must certainly lie some place 
in between these extremes. The Plenary 
Powers Resolution was one solution but 
failed to satisfy conservationists because 
of the slow procedures involved. A Law 
of Prescription was tried at Copenhagen 
and adopted at London but proved impos- 
sible to spell out in detail and defeated 
its own purpose because no one could be 
sure, without exhaustive literature search, 
that a name qualified as “little used for 50 
years,” etc. The present wording is an 
attempt to satisfy all parties and probably 
will satisfy none. We now have priority 
but we are instructed to preserve accepted 
names with their accustomed use and 
meaning! It is impossible to follow both 
of these instructions simultaneously. One 
or the other must give. At the present 
time the only methods for resolving this 
dilemma are the untried and probably 
impractical “Statute of Limitations” and 
the Plenary Powers Resolution. The 
latter requires that each zoologist, when 
busy monographing a group, must stop 
and prepare a long and fully documented 
petition which will then wait several 
years for action by the overworked Com- 
mission. In spite of the cumbersome pro- 
cedure, the Plenary Powers may still 
prove to be the best solution, but only for 
rare names of importance in applied bi- 
ology and perhaps for names on which 
families are based. The other names, and 
they form the majority, will have to be 
dealt with in some automatic way because 
most taxonomists will not follow the 
present time-consuming procedure. 

This leads us to the final issue that has 
beset nomenclaturists from the start. 
Ideally a code should be automatic, with 
provisions that can be applied without 


reference to a “court” such as the Inter- 
national Commission. The proponents of 
strict priority point out that their method 
of choosing between competing names is 
automatic. The opponents would refer 
such questions to the Commission, and the 
wishes of the latter group have prevailed 
in the present Code. A partial solution 
was adopted at Copenhagen—the settling 
of non-controversial questions by indi- 
vidual taxonomists with brief notification 
in the Bulletin of Zoological Nomencla- 
ture. If, after an appropriate challenge 
period, no objection was raised, the name 
was to be regarded as fixed; whereas the 
presumably rare cases to which objections 
were raised could be referred to the Com- 
mission. This method was not used be- 
tween 1953 and 1958, but it still might 
prove to be a solution to the dilemma if 
the pages of the Bulletin were to be made 
more accessible by decreasing costs of the 
Bulletin. 

In our opinion the anomaly in the pres- 
ent code—that we are to follow priority 
but not change names—must be resolved 
soon if the code is to command the alle- 
giance and respect of zoologists. 
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Symposium: Basic Concepts of 


Systematic Order’ 


Interrelationships of Genetic 
Characters which Differentiate 
Species of Doves (Streptopelia) 


URING recent years there have been 

many attempts to assess the influ- 
ence of specialized areas in biology on 
such fields as taxonomy and evolution. 
All such attempts should be welcomed 
as playing a part in the development of 
biology as a mature science. One of the 
first examples of a work which considered 
the influence of genetics on the origin 
of species was written by Dobzhansky 
(1937), and this was followed, among 
others, by the writings or collections of 
papers by Huxley (1940, 1942), Jepson, 
Mayr, and Simpson (1949), and Mayr 
(1942). 


1 The two other articles on this symposium 
are not available for publication here: H. H. 
Ross, The systematic significance of differen- 
tial evolution in larval and adult caddisflies; 
C. H. SEEvErRs, Evolution of interspecies sys- 
tems: termitophiles, myrmecophiles, and 
their hosts. 

2From the Department of Genetics (Paper 
No. 745), Agricultural Experiment Station, 
University of Wisconsin. The experimental 
work described in this paper was supported 
in part by the Research Committee of the 
Graduate School from funds supplied by the 
Wisconsin Alumni Research Foundation and 
in part by a research grant (C-3884) from the 
Department of Health, Education and Welfare 
of the National Institutes of Health, U. S. 
Public Health Service. 


M. R. IRWIN 


The material to be represented in this 
paper consists in part of measurements 
made of morphological characters in 
three species in Streptopelia, their species 
hybrids and backcross hybrids. These 
measurements were made under the su- 
pervision of the late Professor L. J. Cole 
who initiated the hybridization program 
in doves and pigeons at the University of 
Wisconsin. The analysis of these meas- 
urements has not yet been published. Ad- 
ditional comparisons will also be made of 
these different populations of birds, using 
heritable characters of the erythrocytes 
and of the serum which are demonstrable 
only by immunological technics. 

Any bearing which these studies may 
have on concepts in systematics rests on 
the assumption that the characteristics of 
importance in systematics are heritable. 


Experimental Material 


The species utilized in these studies are 
Streptopelia chinensis, risoria, and sene- 
galensis. Streptopelia chinensis (com- 
monly called Pearlneck) is native to 
China and adjacent areas, risoria (or 
Ring dove) is a domesticated form which 
is probably descended from S. decaocto of 
India and S. roseogrisea of northern 
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Africa (according to a personal communi- 
cation from J. Delacour these two species 
are probably the same, and representa- 
tives of roseogrisea obtained by the author 
from Egypt were indistinguishable from 
risoria), and senegalensis (or Senegal) is 
native to Africa. Hybrids have been ob- 
tained from matings of males of both 
chinensis and senegalensis to risoria fe- 
males. Both sexes of these hybrids have 
shown fertility in matings to one or the 
other of the parental species, primarily to 
risoria, but no squabs have hatched from 
eggs laid by the female hybrids from the 
mating of chinensis and risoria, and only 
occasionally have offspring been produced 
from backcross matings to risoria of the 
female hybrids between senegalensis and 
risoria. In general, the fertility and hatch- 
ability in backcrosses to risoria were also 
lower in the females than in the males of 
the second and third backcross popula- 
tions. In contrast to the marked absence 
of offspring from the female hybrids of 
matings between chinensis and risoria, or 
senegalensis and risoria, the two hybrids 
which were obtained from matings of 
chinensis and senegalensis were females, 
and both of these produced offspring in 
backcrosses to senegalensis. 


Comparisons of the Morphological 
Characters 


The measurements were made on eight 
characters—overall length, extent, tail, 
wing, beak, tarsus, middle toe, and band 
(tail)—according to the methods de- 
scribed by Baldwin et al. (1931). The 
measurements were taken as soon as was 
possible after the death of each bird, and 
of necessity therefore the data were col- 
lected over a period of several years. Only 
ine overall length will be considered here, 
as it exemplifies the general pattern of 
relationships of the other characteristics 
among the parental species and hybrid 
populations. 

From the data in part A, Table I, it may 
be noted that the average overall length 
of chinensis is significantly greater than 


TABLE I—A COMPARISON OF THE AVERAGE “OVER- 
ALL LENGTH” OF STREPTOPELIA CHINENSIS, 
RISORIA AND SENEGALENSIS, THEIR SPECIES 
HYBRIDS AND BACKCROSS HYBRIDS. 


A. Chinensis, risoria, the species hybrids and 
offspring of successive backcrosses to 
risoria. 


NUM- AVERAGE 


STOCK BER (MM.) o S.E.y 
chinensis 31 302.61 18.80 3.38 
risoria 221 £286.56 11.90 0.80 
F __ chinensis 22 295.68 16.80 3.59 

1 risoria 
1st backcross 34 282.82 20.80 3.59 
2nd backcross 100 286.85 13.40 1.34 
3rd backcross 168 289.14 12.60 0.97 
4th backcross 155 288.28 27.30 2.19 


B. Senegalensis, risoria, the species hybrids 
and offspring of successive backcrosses to 


risoria. 
senegalensis 31 253.74 11.60 2.08 
risoria 221 286.56 11.90 0.80 
F __ senegalensis 10 265.0 11.27 3.56 
1 risoria 
1st backcross 21 273.19 15.84 3.46 
2nd backcross 117 278.50 13.88 1.28 
3rd backcross 131 284.06 12.51 1.09 
4th backcross 39 284.12 10.43 1.67 


C. Chinensis, senegalensis, the species hybrids 
and offspring of successive backcrosses to 


senegalensis. 
chinensis 31 302.61 1880 3.3 
senegalensis 31 253.74 11.60 2.08 
chinensis 1 270.00 
1” senegalensis 
1st backcross 8 267.75 4.94 1.75 
2nd backcross 5 255.60 8.80 3.98 


the average length of risoria, primarily 
because the tail of chinensis is longer 
(134.19 mm) than that of risoria (119.13 
mm). Also, the mean length of the species 
hybrids is intermediate between the mean 
values of the parental species. Thus if 
the variation in mean length within and 
between the species is in part genetically 
produced, there appears to be no appreci- 
able dominance, if any at all, of the causa- 
tive genes. The average length of the in- 
dividuals in the first, second, third, and 
fourth backcross generations (to risoria) 
is definitely different from that of chinen- 
sis, and approximates very closely the av- 
erage length of risoria. These results 
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would be expected if the differences in 
average length of the parental species 
were determined by multiple genes with 
no dominance and with individually small 
effects. There was no indication in these 
four backcross populations of the presence 
of genes with major effects on overall 
length, which would have been evidenced 
by more than one mode in the distribution 
curve of the measurements. 

It should be pointed out that the species 
hybrids were obtained from matings of 
relatively few individuals of the parental 
species. The variation of the morpholog- 
ical characters among the species hybrids 
is then an index of the genetic variation 
within and among these few parental in- 
dividuals. There was no selection for 
morphological characters in making the 
matings between the parental species or 
in producing the backcross generations. 
The variation in the morphological char- 
acters in these backcross populations 
would be influenced (a) by the effects of 
the genes introduced from the one paren- 
tal species and (b) the effects of the genes 
wtihin the other parental species to which 
the backcrosses were made (i.e., risoria). 

The information in part B of Table I 
shows that the same general pattern of re- 
lationship of overall length between chi- 
nensis and risoria obtains between sene- 
galensis and risoria. In this comparison, 
however, senegalensis is the shorter spe- 
cies. The mean overall length of these 
species hybrids is intermediate between 
the means of the parental species, the 
mean values of the first two backcross 
populations from matings to risoria prog- 
ress towards the mean length of risoria, 
those of the third and fourth backcross 
generations are essentially the same as 
the mean length of risoria. 

The data of part C, Table I, present evi- 
dence that the average length of the single 
species hybrid of chinensis x senegalensis 
and of the few individuals of the two 
backcross generations of matings to sene- 
galensis follows the same pattern that 
obtains in the comparisons of either chi- 
nensis or senegalensis with risoria. 


In brief, the average overall length of 
the three kinds of species hybrids was jp. 
termediate between the average lengths 
of their respective parental species 
Further, the average lengths of the differ. 
ent backcross generations progressed jn 
the direction of the mean value of the 
species to which the backcross was made, 
whether that species was greater or less in 
overall length. Although there were some 
differences in the details of the compari- 
sons of the average values of the other 
seven characters in the hybrids and back- 
cross hybrid populations, the same general 
pattern was observed for each character 
as has been described for the overall 
length. Hence the conclusion seems justi- 
fied that these results would be expected 
if each of these characters were dependent 
upon multiple genes, having individually 
small effects, and with no appreciable 
dominance. 


A Comparison of the Antigenic Characters 
of Chinensis and Risoria 


It appears logical to assume that vari- 
ous factors of the environment would in- 
fluence the majority, if not all, of the mor- 
phological characters on which the meas- 
urements were taken. The other charac- 
ters of these species to be considered—the 
antigens of the erythrocytes and of the 
serum—are not known to be affected by 
either the internal or external environ- 
ment, and thus offer advantages in a com- 
parative study of the genes which dif- 
ferentiate species. 

One of the earliest examples of the com- 
parisons of the proteins of species is the 
classical work of Nuttall (1904). He com- 
pared the taxonomic relationships of many 
species of animals, based on morphological 
criteria, with those deduced from similar- 
ities of the serum proteins of the species, 
and found the relationships to be in close 
agreement. Comparable results were ob- 
tained by Reichert and Brown (see Reich- 
ert, 1914), who employed crystallography 
as a means of differentiating the hemo- 
globins of species. Such similarities and 
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differences among the proteins of related 

jes were so universally observed as 
to cause Loeb (1917) to raise the question 
of whether these species-specifications 
would be found to be gene-determined. 
In his opinion there was little hope that 
this question could be answered experi- 
mentally since the proteins of species 
which hybridized were at that time dif- 
ficult, if not impossible, to differentiate 
by immunological technics. 

However, a report by Landsteiner and 
yan der Scheer (1942a) indicated that a 
differentiation of the blood cells of the 
horse and the donkey was readily made 
following the process of “agglutinin ab- 
sorption,” and the cells of the hybrid 
(mule) contained the species-specific anti- 
genic characters of each parent. In es- 
sence this report indicated that differen- 
tiation of the blood cells of two closely 
related species was readily accomplished, 
even though a differentiation of their 
serum antigens was difficult to effect. 

The species hybrids and backcross hy- 
brids which had been produced by the late 
Professor L. J. Cole were ideal experi- 
mental material for investigating the anti- 
genic characters which differentiate 
closely related species. Antisera against 
the blood cells (erythrocytes) of repre- 


sentatives of the parental species (as chi- 
nensis and risoria) were produced in rab- 
bits. Following absorption of the anti- 
serum to one species by the cells of the 
other, the absorbed antiserum (reagent) 
would agglutinate strongly the cells of the 
one species but not those used in the ab- 
sorption (see illustrative material by 
Cumley and Irwin, 1941). From these re- 
sults one could conclude that each species 
(a) shares cellular antigens with the 
other (the antibodies against these shared 
antigens are removed from each anti- 
serum by the absorption) and (b) posses- 
ses one or more cellular antigens which 
are not shared by the other species. 
These latter antigens would be called spe- 
cies-specific, in contrast to those of the 
other species. The cells of the species hy- 
brids were strongly reactive with the re- 
agents differentiating the two species and 
absorbed all or nearly all the antibodies 
from the antisera to each parental species, 
indicating that the hybrid cells contained 
all the common antigens and all or nearly 
all the species-specific components of the 
parental species. The antigenic relation- 
ships of the three kinds of cells—chinen- 
sis or Pearlneck, risoria or Ring dove, and 
the species hybrid—are represented dia- 
grammatically in Figure 1. The propor- 


DIAGRAM OF THE BIOCHEMICAL COMPOSITION OF THE 
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tions of the common and specific antigenic 
characters as shown are necessarily only 
approximations. (It will be noted that the 
cells of the species hybrids between chi- 
nensis and risoria contain a component 
labelled as the “hybrid substance.” In 
this discussion the genetic basis for the 
hybrid substance will not be considered, 
although it may have significance in the 
evolutionary patterns of the species of 
Streptopelia. ) 

Since backcross offspring were obtained 
from mating species hybrid males to 7ri- 
soria females, it would be expected that, 
if the species-specific characters of chi- 
nensis were heritable, a separation of 
those peculiar to chinensis would be noted 
in the first backcross generation. The 
number of different kinds of offspring 
expected in these backcross birds would 
be 2", in which n equals the number of 
antigenic characters peculiar to chinensis. 
The pertinent data concerning the differ- 
entiation of the species and the separa- 
tion of the cellular antigens in the first 


backcross generation are given by Irwin 
and Cole (1936). 

Following matings of selected backcrogg 
hybrids to risoria, at least nine cellular 
antigens (called d-1, d-2, d-3, d-4, d-5, d4 
d-7, d-8, d-1l, and d-12, “d” indicating 
dove) which differentiate chinensis from 
risoria were recognized as units in the 
backcross populations (Irwin, 1939), 
These are illustrated in Figure 2, in which 
the relative sizes of the areas representing 
each antigen are based on the highest 
dilution of the specific reagent producing 
clumping of the cells carrying each of 
these substances. Each of these antigenic 
characters was distinct from the others 
by immunological tests, except that d8 
and d-12 were never compared, so the 
possibility exists that d-8 and d-12 are the 
same character. Also, each of these anti- 
genic characters behaved as a unit in in- 
heritance, except that the only offspring 
in which the d-7 character was demonstra- 
ble were from a backcross male which car- 
ried both d-3 and d-7. Another exception 


DIAGRAM OF THE CELLULAR ANTIGENS SPECIFIC TO 
CHINENSIS IN COMPARISON TO RISORIA 
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involved the d-4 character, in that two ex- 
ceptional backcross hybrids have been ob- 
served whose cells did not contain d-4 
in toto, and seemingly in these birds there 
had occurred a separation of the causative 
genes by crossing over (Irwin, 1949). The 
inheritance of each of these antigenic 
characters of chinensis was as expected 
if each character were produced by one 
or more genes on respective chromosomes 
of chinensis. The backcross birds which 
contained only one species-specific antigen 
of chinensis presumably differed in cel- 
lular antigens from any representative of 
risoria only in that each such hybrid car- 
ried one chromosome derived from chi- 
nensis with a gene or genes producing 
species-specific effects. 

Unfortunately, backcrosses to chinensis 
of the species hybrids between chinensis 
and risoria have produced only a few off- 
spring, 10 in the first backcross generation 
and 12 in the second (Irwin, 1939). (Only 
rarely have fertile eggs been produced 
from chinensis females under our labora- 
tory conditions.) A definite separation of 
antigenic substances specific to risoria 
was observed among these backcross 
birds, but none were recognized as units. 

From these observations, the general 
conclusion can be drawn that there are at 
least nine antigenic characters of the 
blood cells which differentiate chinensis 
from risoria, and presumably there are an 
equal number which differentiate risoria 
from chinensis. This means that one or 
more genes on approximately a third of 
the chromosomes of each of these species 
effect cellular antigens which differentiate 
each species from the other. (Although 
the number of chromosomes in chinensis 
is not known, it is probable that the same 
number (30-odd pairs) found by Painter 
and Cole (1943) in Columba livia and ri- 
soria obtains also for chinensis. ) 


The Antigenic Characters of Chinensis, 
Senegalensis and Risoria 


Following the production of species hy- 
brids from matings between males of sen- 


egalensis and females of risoria, backcross 
offspring were obtained from mating the 
species hybrids and selected backcross 
hybrids to risoria. The results paralleled 
those obtained in the differentiation of 
chinensis and risoria, in that (a) cells of 
the two species were readily differenti- 
ated, (b) the hybrids contained all the 
antigenic characters held in common by 
the parental species, and (c) all (except 
for individual differences displayed among 
the hybrids) the species-specific charac- 
ters of the parental species. Following 
backcrosses to risoria, ten antigenic char- 
acters peculiar to senegalensis were ob- 
tained in unit form (Irwin and Cumley, 
1947). These were called (s indicating sen- 
egalensis) s-1, s-2, s-3, s-6, s-7, s-8, s-9, s-10, 
s-11, and s-12, corresponding to the effects 
of one or more genes on nine chromo- 
somes of senegalensis (s-2 and s-12 seem- 
ingly are contrasting characters whose 
causative genes therefore are alleles). 
These antigens are depicted in the lower 
part of Figure 3. 

It has been observed (Irwin and Cole, 
1940; Irwin, 1955) that all, or nearly all, 
the antigenic characters which chinensis 
shares with risoria are shared also with 
senegalensis, and that senegalensis like- 
wise shares with chinensis nearly all, but 
not quite all, the antigens which it has in 
common with risoria. Hence the chief 
differences between the cellular antigens 
of chinensis and senegalensis must be 
found in those antigenic characters by 
which each species differs from risoria 
and which are recognized as units in the 
two backcross populations. The details 
of the reciprocal comparisons of these 
differentiating characters have been given 
elsewhere (Irwin, 1949) and are pre- 
sented diagrammatically in Figure 3. 

From the diagrammatic representation 
in Figure 3, it may be seen that the follow- 
ing characters of chinensis and senega- 
lensis are indistinguishable and therefore 
presumably are identical: d-3 and s-1l, 


d-4 and s-6, d-5 and s-1, d-12 and s-9. There 
was a definite similarity, but not identity, 
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Fic. 3. Diagrammatic representation of the relationships of the cellular antigens peculiar 
to chinensis and senegalensis, respectively, in contrast to risaria. 


of characters d-1 and both s-2 and s-12, 
d-2 and s-7, d-11 and s-8, and probably d-6 
and s-3. No substance related to s-10 of 
senegalensis has been noted in chinensis, 
and a component of senegalensis related 
to d-7 of chinensis has not definitely 
been recognized. Thus, of the nine chro- 
mosomes in senegalensis with one or more 
genes whose antigentic products differen- 
tiate senegalensis from risoria, there is 
one with a gene or genes whose products 
differentiates senegalensis from chinensis, 
four with genes whose products are sim- 
ilar to four in chinensis, and thus also 
differentiate senegalensis from chinensis, 
and four with genes whose products are 
seemingly homologous in the two species. 
Likewise, of the nine chromosomes of 
chinensis which carry one or more genes 
differentiating chinensis from _ risoria, 
there are definitely four and probably five 
with genes whose antigenic effects are 
similar but not identical to those of sene- 


galensis, and four with genes whose anti- 
genic products are indistinguishable from 
and presumably identical with an equal 
number in senegalensis. 

The above findings show clearly that 
the antigenic characters—and _ therefore 
the causative genes—by which one species 
(either chinensis or senegalensis) differs 
from another (risoria) may be shared in 
whole or in part by still a third species 
(senegalensis or chinensis). Another ex- 
ample of this kind has been observed in 
the four antigenic characters which dif- 
ferentiate Columba guinea from livia. Of 
these four antigens, called A, B, C, and E, 
the A character is shared by guinea with 
chinensis, risoria (Irwin, 1938), and sene- 
galensis (Miller and Irwin, 1960). Also, 
Buchbinder (1934) has described an anti- 
gen which in presumably homologous 
form is present in various species of many 
orders of the class Aves, including the 
Columbiformes. Two species of this study 
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were included in his tests. This antigen is 
related to one which occurs in some 
strains of Pasturella. 


Antigenic Characters of the Serum 


In addition to the cellular antigens 
which differentiate these three species, 
evidence was obtained that there were 
differences in the antigenic constituents of 
their sera. These antigenic constituents 
also separated in the different backcross 
populations according to genetic expecta- 
tion. There appeared to be a minimum of 
three or four antigenic components of the 
serum which differentiated senegalensis 
from risoria (Cumley et al., 1943), four or 
more which differentiated chinensis from 
risoria, and at least an equal number (but 
not necessarily an additional number) 
which distinguished chinensis from sene- 
galensis (Cumley and Irwin, 1952). The 
genes in each species having an effect on 
the antigens of the serum appeared to be 
quite independent in inheritance from 
those with effects on the cellular antigens. 


General Considerations 


The experimental evidence presented in 
this paper has shown that the morpholog- 
ical and antigenic characters which dis- 
tinguish between any pair of three species 
of doves—chinensis, risoria and senega- 
lensis—which hybridize, behaved in the 
species and backcross hybrids as expected 
if genetically determined. Moreover, the 
variation observed of the respective mor- 
phological characters, with overall length 
given as an example, conformed to the be- 
havior expected of a quantitative char- 
acter produced by multiple genes with in- 
dividually small effects, whether the 
effects made for differences within or be- 
tween a pair of contrasted species. (The 
reader is referred to a paper by Muller 
(1940) in which are considered in detail 
the heritable differences which provide 
distinctions between species.) No esti- 
mate can be made of the number of genes 
involved in the differences of any of these 


morphological characters, either within or 
between the species. 

Similarly, very little information is 
available of the number of genes involved 
in the production of antigens of either 
cells or serum which are shared by any 
two of the species described. It would be 
expected that there would be many more 
cellular and serum antigens—therefore 
their causative genes—which are shared 
by closely related species than there are 
which differentiate the species. Essen- 
tially the same statement was made by 
Morgan et al. (1925), that “related species 
must have many genes in common—they 
are in fact similar only because of this 
group of common genes.” On this basis, 
chinensis and senegalensis are more 
closely related to each other than either is 
to risoria, for, as described above, there 
are less genes for antigenic characters of 
the blood cells which distinguish these 
two species from each other than distin- 
guish either from risoria. (It is interest- 
ing to note that until Peters (1937) classi- 
fied these three species in the genus 
Streptopelia, they were placed in three 
genera—Spilopelia chinensis, Streptopelia 
risoria, and Stigmatopelia senegalensis.) 

The two most closely related species— 
chinensis and senegalensis—are native to 
areas in Asia and Africa, respectively, 
whereas risoria inhabits areas between 
these two species. Hence, there is no ob- 
vious correlation of proximity of habitat 
with the degree of relationship revealed 
by these studies. 

The studies of the interrelationships of 
the antigenic characters of the cells which 
differentiate chinensis and senegalensis 
from risoria, and from each other, indicate 
that these characters behaved in the com- 
mon genetic background of the backcross 
populations as expected of contrasting 
characters (Irwin and Cole, 1940; Bryan, 
1953; Stimpfling, 1957). That is, the ge- 
netic ratios obtained in the backcross gen- 
erations for these characters were normal 
(approximately a 1:1 ratio obtained of the 
presence and absence of each character). 
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Similarly, insofar as the segregation of 
the antigens of the sera could be demon- 
strated in the backcross birds, they also 
conformed to genetic expectation. 

In essence, the characters by which 
these three species differ have been shown 
to assort in the backcross populations. 
The “overall length” was used as a typical 
example of the behavior in the backcross 
generations of eight morphological char- 
acters on which measurements were taken 
by the late Professor L. J. Cole. In gen- 
eral, the average value of each of these 
morphological characters was interme- 
diate in the species hybrids between those 
of the two parental species, and in the 
backcross generations approached the 
mean value of the species to which the 
backcross was made. Multiple genes with 
individually small effects would be postu- 
lated to account for the variation in these 
characters both within and between the 
species. The antigenic characters of the 
erythrocytes which differentiated each 
pair of species were recognized as single 
genetic characters in the backcross popu- 
lations, and inferences were made as to 
the probable number of serum characters 
which separated in the backcross individ- 
uals. 

One would make a primary conclusion 
from these and other studies in this lab- 
oratory to the effect that each of the 
various species studied appears definitely 
to be an entity. The characters and there- 
fore the causative genes which differenti- 
ate one species from another may be 
shared, in whole or in part, by one or 
more other species. Also the characters 
which are shared by a pair of species may 
serve to differentiate them from other spe- 
cies. In essence, related species will be 
made up of genetic characters with inter- 
locking relationships among the various 
species, and each species may have at least 
a few genes whose effects are unique to 
the species. The interlocking relationships 
are an index of the changes in genes and 
gene effects which have taken place dur- 
ing the evolution of these closely related 
species. 
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FURTHER REMARKS 


Professor R. E. Buchanan of Iowa State 
University has kindly called my atten- 
tion to the fact that Nema is a valid ge- 
neric name. It is, in fact, the name of a 
beetle (Dejean, 1821). This information 
should effectively demolish any use of 


ON THE WORD NEMA 


nema as a substitute for nematode. Pro- 
fessor Buchanan considers that nematol- 
ogy and nematologist are correctly formed 
from the stem -nemat. 

L. H. HyMan 
American Museum of Natural History 
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